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Abstract: Objective. Clinical genetic testing is commercially available for rs61764370, an inherited 
variant residing in a KRAS 3′ UTR microRNA binding site, based on suggested associations with 
increased ovarian and breast cancer risk as well as with survival time. However, prior studies, 
emphasizing particular subgroups, were relatively small. Therefore, we comprehensively evaluated 
ovarian and breast cancer risks as well as clinical outcome associated with rs61764370.  
Methods. Centralized genotyping and analysis was performed for 140,012 women enrolled in the 
Ovarian Cancer Association Consortium (15,357 ovarian cancer patients; 30,816 controls), the Breast 
Cancer Association Consortium (33,530 breast cancer patients; 37,640 controls), and the Consortium 
of Modifiers of BRCA1 and BRCA2 (14,765 BRCA1 and 7,904 BRCA2 mutation carriers).  
Results. We found no association with risk of ovarian cancer (OR=0.99, 95% CI 0.94-1.04, p=0.74) or 
breast cancer (OR=0.98, 95% CI 0.94-1.01, p=0.19) and results were consistent among mutation 
carriers (BRCA1, ovarian cancer HR=1.09, 95% CI 0.97-1.23, p=0.14, breast cancer HR=1.04, 95% CI 
0.97-1.12, p=0.27; BRCA2, ovarian cancer HR=0.89, 95% CI 0.71-1.13, p=0.34, breast cancer HR=1.06, 
95% CI 0.94-1.19, p=0.35). Null results were also obtained for associations with overall survival 
following ovarian cancer (HR=0.94, 95% CI 0.83-1.07, p=0.38), breast cancer (HR=0.96, 95% CI 0.87-
1.06, p=0.38), and all other previously-reported associations.  
Conclusions. rs61764370 is not associated with risk of ovarian or breast cancer nor with clinical 
outcome for patients with these cancers. Therefore, genotyping this variant has no clinical utility 
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We are pleased to submit our manuscript “No Clinical Utility of KRAS 
Variant rs61764370 for Ovarian or Breast Cancer” for consideration for 
publication. This single nucleotide polymorphism (SNP) in the 3’ 
untranslated region of KRAS was initially reported in 2010 by Dr. Joanne 
Weidhaas et al. from Yale University to be associated with risk and 
outcome of ovarian or breast cancer.  Subsequent publications by her group 
have suggested relationships with risk and/or outcome of several other 
cancer types as well as endometriosis.   
 
Since 2010, Dr. Weidhaas’ company MiraDx has commercially marketed a 
test that utilizes this single SNP as a breast/ovarian cancer risk predictor.    
 
“If your patient tests positive for this mutation, this may impact how you 
follow her for cancer detection. Women who carry this mutation have > 
20% lifetime risk of developing breast cancer, and a 10% risk of developing 
an additional independent breast cancer after their first diagnosis. Thus, 
they may be considered for higher-level breast cancer screenings, such as 
MRIs, especially in the setting of dense breast tissue, as is common for 
KRAS-variant patients. Since women with this mutation are also at 
increased risk for ovarian cancer, consideration should be made for 
appropriate screening and management of their ovaries by a qualified 





However, the publications by the Weidhaas group have been based on 
relatively small studies of a few hundred cases and controls, and, in many 
instances, subgroup analyses of much smaller numbers of subjects.  By 
way of example, one paper by the Weidhaas group in 2011 suggesting that 
the KRAS SNP was associated with triple negative breast cancer was based 
on the risk allele being present in eight of 24 breast cancer cases (Lancet 
Oncol. 2011;12:377-86).   
 
The KRAS SNP data we present in this paper is based on genotyping of 
140,012 women in the context of the Collaborative Oncological Gene-
Environment Study (COGS).  Our analysis was conducted by three well-
established international consortia, including the Ovarian Cancer 
Association Consortium (OCAC), the Breast Cancer Association 
Consortium (BCAC) and the Consortium of Modifiers of BRCA1 and 
BRCA2 (CIMBA).  These groups came together because of the need for 
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large studies and rigorous validation of ovarian and breast cancer risk variants with small effect sizes.  
Over the past five years, our consortia have used genome wide association studies to discover and 
validate more than 100 common variants that are associated with risk of these cancers at a genome-wide 
level of significance (p values < 5x10
-8
).  Here, we definitively show that this KRAS SNP is not associated 
with risk or outcome of ovarian or breast cancer; a forest plot of risk results is included below. 
 
Figure.  Associations between KRAS rs61764370 and breast and ovarian cancer (A) Risk: For BRCA1 and BRCA2 mutation 
carrier analyses, cases were affected BRCA1/BRCA2 mutation carriers and controls were unaffected BRCA1/BRCA2 mutation 
carriers, and relative risks were estimated by hazard ratios; for other analyses, relative risks are estimated by odds ratios; breast 
cancer risk analyses used BCAC data adjusted for study, age, and the seven European principal components; ovarian cancer 
analyses used OCAC data adjusted for study, age, and the five European principal components; BRCA1 and BRCA2 mutation 
carrier analyses used CIMBA data with age as follow-up time and stratified for country; (B) Outcome: Breast cancer analyses used 
BCAC data adjusted for age at diagnosis, tumor size, nodal status, grade, adjuvant hormonal and/or chemotherapy and was 
stratified by study; ovarian cancer analyses used OCAC data adjusted for age at diagnosis (overall survival only), the five European 
principal components, histology (serous, mucinous, endometrioid, clear cell, and other epithelial), grade (low versus high), FIGO 
stage (I-IV), residual disease after debulking surgery (nil versus any), and stratified by study; analyses for BRCA1 and BRCA2 
mutation carriers used CIMBA data adjusted for age at diagnosis, tumor size, nodal status, grade, adjuvant hormonal and/or 





Although null results generally are less likely to be published (Science 2014,345:992), this paper warrants 
acceptance for two reasons.  First, the large size of this study refutes beyond any doubt the findings 
published previously.  Second, and more importantly, MiraDx’s test for the KRAS SNP continues to be 
marketed commercially.  Thus, it is in the public interest for these null data to be widely visible to the 
scientific and lay communities.  I will be presenting the ovarian cancer results at the 2015 SGO meeting. 
 
We believe that the marketing of this test is a disservice to women who are concerned about risk or 
prognosis of ovarian and breast cancer and that our work will ignite an important dialogue about 
marketing of predictive genetic tests.  Due to conflict of interest, we advise against the use of reviewers 
that are involved in MiraDx (i.e., Dr. Weidhaas and colleagues, see https://miradx.com/about/).   
 
Lastly, we realize that the numbers of authors, 366, is large.  Nonetheless, all of the authors of this paper 
fulfill the criteria for authorship, contributed to writing, and approved the submitted manuscript; other 
contributions are enumerated on the following pages.   
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Thank you for taking the time to review our manuscript. We are pleased to provide a revised 
version of the manuscript entitled, “No Clinical Utility of KRAS Variant rs61764370 for Ovarian 




Reviewer #1:  
 
The author list is extremely long. Other than contributing patients, did all authors directly 
participate in this manuscript? Can the list be restricted to only those with direct roles in the 
work.  
 
All of the authors from the three research consortia made contributions to the manuscript 
that warrant authorship on the paper.  We believe it would be reasonable, as suggested 
by the editors, to list the three consortia (Ovarian Cancer Association Consortium, 
Breast Cancer Association Consortium and Consortium of Investigators of Modifiers of 
BRCA1 and BRCA2) as the authors in the title of the paper when it is published in the 
journal.  The full list of authors would be included in an appendix to the paper.  All 
authors would be included in the PubMed citation and the article would be able to be 
identified by searching on any of their names.  This is how many of the TCGA papers that 
have large numbers of authors have dealt with this issue. 
 
On line 633, there is a typo - a comma is needed between OCAC samples, BCAC samples  
 
This has been corrected. 
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Line 761 - references multiple "confirmed" susceptibility alleles for breast and ovarian cancer.  
I feel the use of the word confirmed could be an overstatement, "suspected" or something less 
definitive seems more appropriate given that all are common alleles. Or the authors should 
define what a "confirmed" susceptibility allele is (magnitude of risk, how strong the association 
is, etc). 
 
A threshold for confirming a significant genome wide significant genetic association has 
been established at 5 x 10
-8
.  This threshold is widely accepted and was achieved for the 
common SNP variants that our consortia have identified.  We have added this threshold 
to the Discussion.   
 
Overall, this is an important negative study that should be published. 
 
No response required. 
 
 
Reviewer #2:  
 
This is clearly an important and timely study. The authors should be applauded for the effort to 
evaluate the role of the rs1764370 inherited variant. The authors provided a detailed introduction 
regarding the place of this variant in the clinical genetic setting. The study seems to be well-
designed to deal with its defined objectives. Because of the large scale evaluation and the 
merging of study populations from three consortiums, I recommend further review of the 
methods by a professional statistician. The presentation of the Results is clear and precise. 
Apparently, the authors used relevant figures to support the detailed text of the Results section, 
which indicate the negative associations. The manuscript is well written and the Discussion 
covers the relevant subjects appropriately, with pertinent, updated references. A major strength 
of this study is that the authors evaluated a large, well-defined cohort of women including 
patients and controls with relatively long-term median follow-up. The limitations of the 
retrospective analysis are well noted in the manuscript. This important, timely study contributes 
valuable information about the clinical meaningful of this specific inherited variant. Based on the 
results of this study it seems that genotyping this variant has no clinical utility related to the 
prediction or management of breast and ovarian cancers. The results demonstrate the power of 
large consortia to refute false-associations and highlight the danger of commercially promoting 
genetic tests without appropriate data base. The results are important and worth publishing.       
 





The author list needs to be revised as previous discussed in a prior email. 
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Objective. Clinical genetic testing is commercially available for rs61764370, an inherited 517 
variant residing in a KRAS 3′ UTR microRNA binding site, based on suggested associations with 518 
increased ovarian and breast cancer risk as well as with survival time. However, prior studies, 519 
emphasizing particular subgroups, were relatively small. Therefore, we comprehensively evaluated 520 
ovarian and breast cancer risks as well as clinical outcome associated with rs61764370.  521 
Methods. Centralized genotyping and analysis was performed for 140,012 women enrolled 522 
in the Ovarian Cancer Association Consortium (15,357 ovarian cancer patients; 30,816 controls), 523 
the Breast Cancer Association Consortium (33,530 breast cancer patients; 37,640 controls), and 524 
the Consortium of Modifiers of BRCA1 and BRCA2 (14,765 BRCA1 and 7,904 BRCA2 mutation 525 
carriers).  526 
Results. We found no association with risk of ovarian cancer (OR=0.99, 95% CI 0.94–1.04, 527 
p=0.74) or breast cancer (OR=0.98, 95% CI 0.94–1.01, p=0.19) and results were consistent 528 
among mutation carriers (BRCA1, ovarian cancer HR=1.09, 95% CI 0.97–1.23, p=0.14, breast 529 
cancer HR=1.04, 95% CI 0.97–1.12, p=0.27; BRCA2, ovarian cancer HR=0.89, 95% CI 0.71–1.13, 530 
p=0.34, breast cancer HR=1.06, 95% CI 0.94–1.19, p=0.35). Null results were also obtained for 531 
associations with overall survival following ovarian cancer (HR=0.94, 95% CI 0.83–1.07, p=0.38), 532 
breast cancer (HR=0.96, 95% CI 0.87–1.06, p=0.38), and all other previously-reported 533 
associations.  534 
Conclusions. rs61764370 is not associated with risk of ovarian or breast cancer nor with 535 
clinical outcome for patients with these cancers. Therefore, genotyping this variant has no clinical 536 




MicroRNAs (miRNAs) are a class of small non-coding RNA molecules that negatively 539 
regulate gene expression by binding partially complementary sites in the 3′ untranslated regions 540 
(UTRs) of their target mRNAs. In this way, miRNAs control many cancer-related biological 541 
pathways involved in cell proliferation, differentiation, and apoptosis [1]. To date, several inherited 542 
variants in microRNAs or miRNA target sites have been reported to confer increased cancer risks 543 
[2]. One such variant is located in the 3′ UTR of the KRAS gene (rs61764370 T>G) for which the 544 
rarer G allele has been reported to confer an increased risk of ovarian, breast, and lung cancer [3-545 
7] as well as endometriosis [8], although not consistently [9-11].  546 
For ovarian cancer, the rs61764370 G allele was also reported to be associated with 547 
increased risk (320 cases, 328 controls). Further increased risks were observed among 23 BRCA1 548 
mutation carriers and 31 women with familial ovarian cancer, but without BRCA1 or BRCA2 549 
mutations [3]. In contrast, no association with ovarian cancer risk was seen in another, much larger 550 
study, based on 8,669 cases, 10,012 controls, and 2,682 BRCA1 mutation carriers [9]. One 551 
criticism on the latter study was that some of the genotype data were for rs17388148, an imputed 552 
proxy for rs61764370; even though rs17388148 is highly correlated with rs61764370 (r2=0.97) and 553 
was imputed with high accuracy (r2=0.977) [12, 13]. The minor allele of rs61764370 was also 554 
associated with shorter survival time in a study of 279 ovarian cancer patients diagnosed after age 555 
52 years with platinum-resistant disease (28 resistant, 263 not resistant) and with sub-optimal 556 
debulking surgery after neoadjuvant chemotherapy (7 sub-optimal, 109 optimal) [14]. However, 557 
another study observed no association between rs61764370 and  ovarian cancer outcome (329 558 
cases) [15].  559 
For breast cancer, a borderline significant increased frequency of the rs61764370 G allele 560 
was observed in 268 BRCA1 mutation carriers with breast cancer, but not in 127 estrogen receptor 561 
(ER)-negative familial non-BRCA1/BRCA2 breast cancer patients [5]. However, in a subsequent 562 
study, the variant was reported to be associated with increased risk of ER/PR negative disease (80 563 
cases, 470 controls), as well as with triple negative breast cancer diagnosed before age 52 (111 564 
cases, 250 controls), regardless of BRCA1 mutation status [6]. The validity of these findings has 565 
been questioned given the very small sample sizes and the number of subgroups tested [16, 17]. 566 
21 
 
Another report found no association with sporadic or familial breast cancer risk (695 combined 567 
cases, 270 controls), but found that the variant was associated with ERBB2-positive and high 568 
grade disease, based on 153 cases who used post-menopausal hormone replacement therapy 569 
[18].  570 
It has also been reported, based on 232 women with both primary ovarian and breast 571 
cancer, that the frequency of the G allele at rs61764370 was increased for those who were 572 
screened negative for BRCA1 and BRCA2 (92 cases), particularly among those enrolled within two 573 
years of their ovarian cancer diagnosis (to minimize survival bias, 30 cases), those diagnosed with 574 
post-menopausal ovarian cancer (63 cases), those with a family history of ovarian or breast cancer 575 
(24 cases), and those with a third primary cancer (16 cases) [4].  576 
This notable lack of consistency in findings between studies might be expected when 577 
appropriate levels of statistical significance are not used to declare positive findings from multiple 578 
small subgroup comparisons or post-hoc hypotheses [19]. In this respect, the dangers of subgroup 579 
analyses in the context of clinical trials are well-recognized [20]. These are important caveats, 580 
particularly since a genetic test for rs61764370 is currently marketed in the US for risk prediction 581 
testing to women who are at increased risk for developing ovarian and/or breast cancer or women 582 
who have been diagnosed with either ovarian or breast cancer themselves [21]. In general, much 583 
larger studies, with sufficient power to detect positive findings at much more stringent levels of 584 
statistical significance ought to be required to establish the clinical validity of a genetic test. 585 
Therefore, we conducted centralized genotyping of rs61764370 and other variants in the genomic 586 
region around the KRAS gene in 140,012 women to examine associations with risk and clinical 587 
outcome of ovarian and breast cancer.  588 
 589 
METHODS 590 
Study Participants  591 
The following three consortia contributed to these analyses: the Ovarian Cancer 592 
Association Consortium (OCAC: 41 studies, Supplementary Table S1) [22], the Breast Cancer 593 
Association Consortium (BCAC: 37 studies, Supplementary Table S2) [23], and the Consortium of 594 
Modifiers of BRCA1 and BRCA2 (CIMBA: 55 studies, Supplementary Table S3) [24, 25]. OCAC 595 
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and BCAC consisted of case-control studies of unrelated women, and CIMBA consisted of studies 596 
of women with germline deleterious BRCA1 or BRCA2 mutations primarily identified through 597 
clinical genetics centers. For the purpose of the current analyses, only participants of European 598 
ancestry were included. Following genotyping, quality control exclusions (described below), and 599 
analysis-specific exclusions, data from the following women were available for analysis: 46,173 600 
OCAC participants (15,357 patients with invasive epithelial ovarian cancer and 30,816 controls), 601 
71,170 BCAC participants (33,530 patients with invasive breast cancer and 37,640 controls), and 602 
22,669 CIMBA participants (for ovarian cancer analyses: 2,332 affected and 12,433 unaffected 603 
BRCA1 carriers, 599 affected and 7,305 unaffected BRCA2 carriers; for breast cancer analyses: 604 
7,543 affected and 7,222 unaffected BRCA1 carriers, 4,138 affected and 3,766 unaffected BRCA2 605 
carriers). For OCAC, overall and progression-free survival data were available for 3,096 patients 606 
from 13 studies. Overall survival data were available for 28,471 patients from 26 BCAC studies 607 
and for 2,623 mutation carriers with breast cancer from 11 CIMBA studies (excluding studies with 608 
less than ten deaths) as described previously [26, 27]. Each study was approved by its relevant 609 
governing research ethics committee, and all study participants provided written informed consent. 610 
 611 
Genotyping and Imputation  612 
Genotyping for rs61764370 was performed using the custom iCOGS Illumina Infinium 613 
iSelect BeadChip, as previously described [22-25]. In total, DNA from 185,443 women of varying 614 
ethnic background was genotyped (47,630 OCAC participants, 114,255 BCAC participants, 23,558 615 
CIMBA participants), along with HapMap2 DNAs for European, African, and Asian populations. 616 
Genotype data were also available for three OCAC genome-wide association studies (UK GWAS, 617 
US GWAS, Mayo GWAS) that had been genotyped using either the Illumina Human610-Quad 618 
Beadchip (12,607 participants) [28] or the Illumina HumanOmni2.5-8 Beadchip (883 participants). 619 
Raw intensity data files underwent centralized genotype calling and quality control [22-25]. 620 
HapMap2 samples were used to identify women with predicted European intercontinental ancestry; 621 
among these women, a set of over 37,000 unlinked markers was used to perform principal 622 
component (PC) analysis [29]. The first five and seven European PCs were found to control 623 
adequately for residual population stratification in OCAC and BCAC data, respectively. Samples 624 
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with low conversion rate, extreme heterozygosity, non-female sex, or one of a first-degree relative 625 
pair (the latter for OCAC and BCAC only) were excluded. Variants were excluded if they were 626 
monomorphic or had a call rate <95% (minor allele frequency (MAF) >0.05) or <99% (MAF <0.05), 627 
deviation from Hardy-Weinberg equilibrium (p <10-7), or >2% duplicate discordance.  628 
In addition to rs61764370, 54 variants within 100 kb on either side of KRAS on 629 
chromosome 12 (25,258,179 to 25,503,854 bp in GRCh37.p12) were genotyped. Moreover, to 630 
provide a common set of variants across the region for analysis in all the data sets, we also used 631 
imputation to infer genotypes for another 1,056 variants and for variants that failed genotyping.  632 
We performed imputation separately for OCAC samples BCAC samples, BRCA1 mutation carriers, 633 
BRCA2 mutation carriers, and for each of the OCAC GWAS. We imputed variants from the 1000 634 
Genomes Project data using the v3 April 2012 release as the reference panel [30]. To improve 635 
computation efficiency we initially used a two-step procedure, which involved pre-phasing using 636 
the SHAPEIT software [31] in the first step and imputation of the phased data in the second. We 637 
used the IMPUTE version 2 software [32] for the imputation for all studies with the exception of the 638 
US GWAS for which we used the MACH algorithm implemented in the minimac software version 639 
2012.8.15 and MACH version 1.0.18 [33]. We excluded variants from association analyses if their 640 
imputation accuracy was r2<0.30 or their MAF was <0.005, resulting in 974 variants genotyped and 641 
imputed for OCAC, 989 variants genotyped and imputed for BCAC, and 1,001 variants genotyped 642 
and imputed for CIMBA, including rs61764370 (Supplementary Tables S5, S6, and S7).  643 
 644 
Analysis   645 
Genotypes were coded for genotype dosage as 0, 1, or 2, based on the number of copies 646 
of the minor allele. For ovarian cancer case-control analysis (i.e., OCAC studies), logistic 647 
regression provided estimated risks of invasive epithelial ovarian cancer with odds ratios (ORs) 648 
and 95% confidence intervals (CIs) adjusting for study, age, and the five European PCs. Subgroup 649 
analyses were conducted by histology, family ovarian and breast cancer history, menopausal 650 
status, time between ovarian cancer diagnosis and recruitment, and history of multiple primary 651 
cancers. For breast cancer case-control analysis (i.e., BCAC studies), the association between 652 
genotype and invasive breast cancer risk was evaluated by logistic regression, adjusting for study, 653 
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age, and the seven European PCs, providing ORs and 95% CIs. Additional subgroup analyses 654 
were based on receptor status, first-degree family ovarian and breast cancer history, BRCA1 and 655 
BRCA2 mutation status, enrollment within two years of diagnosis, menopausal status (i.e. last 656 
menstruation longer than twelve months ago), age at diagnosis less than 52 years, and history of 657 
hormone replacement therapy use (i.e. longer than twelve months use). Risk analysis for BRCA1 658 
and BRCA2 mutation carriers (i.e. CIMBA studies) was done using a Cox proportional hazard 659 
model to estimate hazard ratios (HRs) per copy of the minor allele, with age as follow-up time and 660 
stratified by country of residence; US and Canadian strata were further subdivided by self-reported 661 
Ashkenazi Jewish ancestry [24, 25]. A weighted cohort approach was applied to correct for 662 
potential testing bias due to overrepresentation of cases in the study population [34]. We used 663 
robust variance estimation to allow for the non-independence of carriers within the same family 664 
[35]. To assess associations with ovarian cancer risk, mutation carriers were followed from birth 665 
until ovarian cancer diagnosis (event), a risk-reducing salpingo-oophorectomy (RRSO) or the age 666 
at enrollment, whichever occurred first. We also performed analyses restricted to women 667 
diagnosed or censored within two years before their enrollment. To assess associations with 668 
breast cancer risk, mutation carriers were followed from birth until a breast cancer diagnosis (i.e. 669 
either ductal carcinoma in situ or invasive breast cancer), ovarian cancer diagnosis, a risk-reducing 670 
bilateral prophylactic mastectomy or the age at enrollment, whichever occurred first. 671 
Survival analysis of OCAC patients used Cox proportional hazards models estimating HRs 672 
and 95% CIs considering overall survival as well as progression-free survival following ovarian 673 
cancer diagnosis. Overall survival was adjusted for age at diagnosis, the five European PCs, 674 
histology, grade, FIGO stage, residual disease after debulking surgery, and stratified by study, left 675 
truncating at the date of study entry and right censoring at five years to minimize events due to 676 
other causes. Progression-free survival was analyzed as for overall survival, but without 677 
adjustment for age and right censoring, and was defined as the time between the date of histologic 678 
diagnosis and the first confirmed sign of disease recurrence or progression, based on GCIG 679 
(Gynecological Cancer InterGroup) criteria [36]. We also performed subgroup analysis of patients 680 
suboptimally debulked after cytoreductive surgery (residual disease >1cm) and of post-681 
menopausal patients (age at diagnosis >52 years). Survival analysis of BCAC patients used Cox 682 
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proportional hazard models estimating HRs and 95% CIs considering overall and breast cancer-683 
specific survival following breast cancer diagnosis. Models were adjusted for age at diagnosis, 684 
tumor size, nodal status, grade, adjuvant hormonal and/or chemotherapy, and stratified by study, 685 
left-truncating at the date of study entry and right censoring at ten years. In addition, we performed 686 
subgroup analysis on ER-positive and ER-negative patients. For CIMBA breast cancer patients 687 
associations between genotype and overall survival were evaluated using Cox proportional hazard 688 
models estimating HRs and 95% CIs. Models were adjusted for age at diagnosis, tumor size, nodal 689 
status, grade, adjuvant hormonal and/or chemotherapy, and preventive bilateral oophorectomy and 690 
stratified by study, left-truncating at the date of study entry and right censoring at twenty years. 691 
Analyses were performed using STATA version 12.0 (StataCorp, Texas, USA).  692 
 693 
RESULTS 694 
The results of the overall analysis as well as the subgroup analyses investigating the 695 
association between the minor allele at rs61764370 and ovarian cancer risk, breast cancer risk, 696 
and ovarian and breast cancer risks in BRCA1 and BRCA2 mutation carriers are shown in Table 1. 697 
Associations with clinical outcomes in and ovarian and breast cancer patients including BRCA1 698 
and BRCA2 mutation carriers are shown in Table 2 and Supplementary Table S4.  699 
We found no evidence for association between the rs61764370 G allele and ovarian or 700 
breast cancer risk. The most statistically significant association was observed for risk of low-grade 701 
serous ovarian cancer (n=485; OR 0.76, 95% CI 0.59-0.97, p=0.031), but this finding was not 702 
significant after Bonferroni correction for multiple testing. We also evaluated the association for 703 
additional specific subgroups in which an association with rs61764370 had been reported 704 
previously [3-6]. Ovarian cancer subgroups considered BRCA1 mutation carriers as well as 705 
BRCA1 and BRCA2 screened-negative patients with first degree family histories of breast or 706 
ovarian cancer and patients who had been diagnosed with breast cancer before their ovarian 707 
cancer diagnoses. For breast cancer these included, amongst others, BRCA1 mutation carriers, 708 
patients diagnosed with ER- and PR-negative tumors, and patients diagnosed with triple negative 709 
tumors before age 52 years. Importantly, we observed no evidence for association of rs61764370 710 
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with any of these subgroups (detailed in Table 1), with all ORs close to unity and very narrow CIs 711 
including unity. 712 
Similarly, case-only analyses did not reveal any associations between rs61764370 713 
genotype and ovarian and breast cancer clinical features or outcome (Table 2 and Supplementary 714 
Table S4). For example, the previously reported association between rs61764370 and risk of 715 
ERBB2-positive and high grade breast cancer in hormone replacement therapy users [18] was not 716 
replicated (Supplementary Table S4), and in ovarian cancer analyses we found no evidence of 717 
reduced survival among patients diagnosed after age 52 years or patients with suboptimal 718 
debulking after cytoreductive surgery (Table 2) [14]. The G allele of rs61764370 was also not 719 
associated with survival of breast cancer patients (Table 2). 720 
Finally, we evaluated the association between the primary phenotypes of interest and 721 
common genetic variation (MAF>0.02) in the genomic region of KRAS (i.e., within 100 kb on either 722 
side of the gene), using imputed and genotyped data on 974 variants for OCAC, 989 variants for 723 
BCAC, and 1,001 variants genotyped and imputed for CIMBA (Supplementary Tables S5, S6, and 724 
S7). We found no evidence of association for any of these variants, including rs61764370 and 725 
rs17388148, with these phenotypes that would withstand Bonferroni correction for multiple testing, 726 
as detailed in Supplementary Tables S5, S6, and S7 and shown in regional association plots 727 
(Figure 1). 728 
 729 
DISCUSSION 730 
Our analysis of 140,012 women genotyped for inherited variants in the KRAS region 731 
provides definitive clarification of the role of these variants in ovarian and breast cancer 732 
susceptibility and outcome.  We have found no evidence to support an association between 733 
rs61764370 and ovarian or breast cancer risk, or clinical outcomes in patients with ovarian or 734 
breast cancer. In the absence of any association and with ORs close to unity we would not 735 
typically consider sub-group analyses, particularly sub-groups for which differential associations 736 
would not be expected to occur. However, given the previous positive associations reported for a 737 
myriad of different subgroups, we tested for association among each of these subgroups and 738 
found no evidence to support the previously reported associations.   739 
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Our study has notable strengths. The vast majority (i.e. >95%) of the samples were 740 
genotyped using the same genotyping platform and employing a common approach to genotype 741 
calling and quality control; additional samples used denser arrays and nearly identical procedures. 742 
The very large sample sizes for all the major phenotypes of interest provide substantial statistical 743 
power to exclude any clinically relevant associated risks for the major phenotypes of interest 744 
(Figure 2). The null results found here are thus not due to lack of statistical power, and this 745 
analysis also had greater than 80% power to detect association for most of the subgroups, 746 
although for some subgroups it was not possible to exclude modest risks. In contrast to the current 747 
findings, other genetic association analyses using the same genotyping platform and the same 748 
studies as included here have identified more than 90 common germline variants associated with 749 
ovarian or breast cancer risk at p< 5 x 10-8 [22, 23, 37]. While critiques on a previous null KRAS 750 
report have suggested that inclusion of male controls, use of “prevalent” cases, and reliance on a 751 
surrogate genetic variant may have led to falsely negative conclusions, these are not issues in the 752 
present data set. Rather, we demonstrate the importance of international collaboration to identify 753 
true associations as well as to refute false associations, an equally important objective. 754 
The rise of individualized medicine including the use of panels of common variants to 755 
predict cancer risk more accurately than using family history alone holds great promise [38]. For 756 
example, the 31 prostate cancer susceptibility alleles confirmed as of 2011 can be combined to 757 
identify men in the top one percent of the risk distribution having a 3.2-fold increased risk [39]. 758 
Prediction has since then improved with now over 70 prostate cancer susceptibility alleles [40] and 759 
the utility of these genetic tests is currently under clinical evaluation. Similar clinical examination in 760 
ovarian and breast cancer is not far behind, with now over 18 and 77 confirmed susceptibility 761 
alleles, respectively, for these cancers [22, 23]. The genotype at rs61764370, however, does not 762 
predict ovarian or breast cancer risk, even among particular subgroups of women or for particular 763 
subtypes of disease, nor is it a marker of differential outcome following diagnosis with these 764 
cancers. Therefore, genetic test results for rs61764370 should not be used to counsel women 765 
about their ovarian or breast cancer risks or outcome. Our results highlight the dangers of 766 
developing clinical tests without appropriate data from carefully conducted, large-scale studies to 767 
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Table 1.  Associations between KRAS rs61764370 and risk of ovarian and breast cancer. 1327 
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carriers and controls are unaffected BRCA1/BRCA2 mutation carriers, and relative risks are 1329 
estimated by hazard ratios; for other analyses, relative risks are estimated by odds ratios; ovarian 1330 
cancer analyses used OCAC data adjusted for study, age, and the five European principal 1331 
components; breast cancer analyses used BCAC data adjusted for study, age, and the seven 1332 
European principal components; BRCA1 and BRCA2 mutation carrier analyses used CIMBA data 1333 
with age as follow-up time and stratified for country; 95% CI, 95% confidence interval.  1334 
 1335 
Table 2.  Associations between KRAS rs61764370 and outcome in ovarian and breast 1336 
cancer. 1337 
Ovarian cancer analyses used OCAC data adjusted for age at diagnosis (overall survival only), the 1338 
five European principal components, histology (serous, mucinous, endometrioid, clear cell, and 1339 
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FIGURE LEGENDS 1347 
Figure 1. Regional association plots for variants within the genomic region 100 kb either 1348 
side of KRAS and risk of ovarian and breast cancer.  1349 
X-axis position is referent to position (bp) on chromosome 12, build GRCh37.p12; yellow line 1350 
indicates position of KRAS; red triangle indicates rs61764370. Y-axis is –log10(p-values) from 1351 
association tests for risk of A) ER-negative breast cancer, B) ER-positive breast cancer, C) Breast 1352 
cancer in BRCA1 mutation carriers, D) Breast cancer in BRCA2 mutation carriers, E) Epithelial 1353 
ovarian cancer, F) Epithelial ovarian cancer in BRCA1 mutation carriers, and G) Epithelial ovarian 1354 
cancer in BRCA2 mutation carriers. 1355 
 1356 
Figure 2. Power curve for modest risk variants according to the total sample size.  1357 
X-axis is total sample size for which case-control ratio is 1:1. Y- axis is the statistical power (range 1358 
0·5-1·0) for variants given a range of risks, assuming alpha=0·01 and minor allele frequency 0·09. 1359 
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Objective. Clinical genetic testing is commercially available for rs61764370, an inherited 520 
variant residing in a KRAS 3′ UTR microRNA binding site, based on suggested associations with 521 
increased ovarian and breast cancer risk as well as with survival time. However, prior studies, 522 
emphasizing particular subgroups, were relatively small. Therefore, we comprehensively evaluated 523 
ovarian and breast cancer risks as well as clinical outcome associated with rs61764370.  524 
Methods. Centralized genotyping and analysis was performed for 140,012 women enrolled 525 
in the Ovarian Cancer Association Consortium (15,357 ovarian cancer patients; 30,816 controls), 526 
the Breast Cancer Association Consortium (33,530 breast cancer patients; 37,640 controls), and 527 
the Consortium of Modifiers of BRCA1 and BRCA2 (14,765 BRCA1 and 7,904 BRCA2 mutation 528 
carriers).  529 
Results. We found no association with risk of ovarian cancer (OR=0.99, 95% CI 0.94–1.04, 530 
p=0.74) or breast cancer (OR=0.98, 95% CI 0.94–1.01, p=0.19) and results were consistent 531 
among mutation carriers (BRCA1, ovarian cancer HR=1.09, 95% CI 0.97–1.23, p=0.14, breast 532 
cancer HR=1.04, 95% CI 0.97–1.12, p=0.27; BRCA2, ovarian cancer HR=0.89, 95% CI 0.71–1.13, 533 
p=0.34, breast cancer HR=1.06, 95% CI 0.94–1.19, p=0.35). Null results were also obtained for 534 
associations with overall survival following ovarian cancer (HR=0.94, 95% CI 0.83–1.07, p=0.38), 535 
breast cancer (HR=0.96, 95% CI 0.87–1.06, p=0.38), and all other previously-reported 536 
associations.  537 
Conclusions. rs61764370 is not associated with risk of ovarian or breast cancer nor with 538 
clinical outcome for patients with these cancers. Therefore, genotyping this variant has no clinical 539 




MicroRNAs (miRNAs) are a class of small non-coding RNA molecules that negatively 542 
regulate gene expression by binding partially complementary sites in the 3′ untranslated regions 543 
(UTRs) of their target mRNAs. In this way, miRNAs control many cancer-related biological 544 
pathways involved in cell proliferation, differentiation, and apoptosis [1]. To date, several inherited 545 
variants in microRNAs or miRNA target sites have been reported to confer increased cancer risks 546 
[2]. One such variant is located in the 3′ UTR of the KRAS gene (rs61764370 T>G) for which the 547 
rarer G allele has been reported to confer an increased risk of ovarian, breast, and lung cancer [3-548 
7] as well as endometriosis [8], although not consistently [9-11].  549 
For ovarian cancer, the rs61764370 G allele was also reported to be associated with 550 
increased risk (320 cases, 328 controls). Further increased risks were observed among 23 BRCA1 551 
mutation carriers and 31 women with familial ovarian cancer, but without BRCA1 or BRCA2 552 
mutations [3]. In contrast, no association with ovarian cancer risk was seen in another, much larger 553 
study, based on 8,669 cases, 10,012 controls, and 2,682 BRCA1 mutation carriers [9]. One 554 
criticism on the latter study was that some of the genotype data were for rs17388148, an imputed 555 
proxy for rs61764370; even though rs17388148 is highly correlated with rs61764370 (r2=0.97) and 556 
was imputed with high accuracy (r2=0.977) [12, 13]. The minor allele of rs61764370 was also 557 
associated with shorter survival time in a study of 279 ovarian cancer patients diagnosed after age 558 
52 years with platinum-resistant disease (28 resistant, 263 not resistant) and with sub-optimal 559 
debulking surgery after neoadjuvant chemotherapy (7 sub-optimal, 109 optimal) [14]. However, 560 
another study observed no association between rs61764370 and  ovarian cancer outcome (329 561 
cases) [15].  562 
For breast cancer, a borderline significant increased frequency of the rs61764370 G allele 563 
was observed in 268 BRCA1 mutation carriers with breast cancer, but not in 127 estrogen receptor 564 
(ER)-negative familial non-BRCA1/BRCA2 breast cancer patients [5]. However, in a subsequent 565 
study, the variant was reported to be associated with increased risk of ER/PR negative disease (80 566 
cases, 470 controls), as well as with triple negative breast cancer diagnosed before age 52 (111 567 
cases, 250 controls), regardless of BRCA1 mutation status [6]. The validity of these findings has 568 
been questioned given the very small sample sizes and the number of subgroups tested [16, 17]. 569 
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Another report found no association with sporadic or familial breast cancer risk (695 combined 570 
cases, 270 controls), but found that the variant was associated with ERBB2-positive and high 571 
grade disease, based on 153 cases who used post-menopausal hormone replacement therapy 572 
[18].  573 
It has also been reported, based on 232 women with both primary ovarian and breast 574 
cancer, that the frequency of the G allele at rs61764370 was increased for those who were 575 
screened negative for BRCA1 and BRCA2 (92 cases), particularly among those enrolled within two 576 
years of their ovarian cancer diagnosis (to minimize survival bias, 30 cases), those diagnosed with 577 
post-menopausal ovarian cancer (63 cases), those with a family history of ovarian or breast cancer 578 
(24 cases), and those with a third primary cancer (16 cases) [4].  579 
This notable lack of consistency in findings between studies might be expected when 580 
appropriate levels of statistical significance are not used to declare positive findings from multiple 581 
small subgroup comparisons or post-hoc hypotheses [19]. In this respect, the dangers of subgroup 582 
analyses in the context of clinical trials are well-recognized [20]. These are important caveats, 583 
particularly since a genetic test for rs61764370 is currently marketed in the US for risk prediction 584 
testing to women who are at increased risk for developing ovarian and/or breast cancer or women 585 
who have been diagnosed with either ovarian or breast cancer themselves [21]. In general, much 586 
larger studies, with sufficient power to detect positive findings at much more stringent levels of 587 
statistical significance ought to be required to establish the clinical validity of a genetic test. 588 
Therefore, we conducted centralized genotyping of rs61764370 and other variants in the genomic 589 
region around the KRAS gene in 140,012 women to examine associations with risk and clinical 590 
outcome of ovarian and breast cancer.  591 
 592 
METHODS 593 
Study Participants  594 
The following three consortia contributed to these analyses: the Ovarian Cancer 595 
Association Consortium (OCAC: 41 studies, Supplementary Table S1) [22], the Breast Cancer 596 
Association Consortium (BCAC: 37 studies, Supplementary Table S2) [23], and the Consortium of 597 
Modifiers of BRCA1 and BRCA2 (CIMBA: 55 studies, Supplementary Table S3) [24, 25]. OCAC 598 
23 
 
and BCAC consisted of case-control studies of unrelated women, and CIMBA consisted of studies 599 
of women with germline deleterious BRCA1 or BRCA2 mutations primarily identified through 600 
clinical genetics centers. For the purpose of the current analyses, only participants of European 601 
ancestry were included. Following genotyping, quality control exclusions (described below), and 602 
analysis-specific exclusions, data from the following women were available for analysis: 46,173 603 
OCAC participants (15,357 patients with invasive epithelial ovarian cancer and 30,816 controls), 604 
71,170 BCAC participants (33,530 patients with invasive breast cancer and 37,640 controls), and 605 
22,669 CIMBA participants (for ovarian cancer analyses: 2,332 affected and 12,433 unaffected 606 
BRCA1 carriers, 599 affected and 7,305 unaffected BRCA2 carriers; for breast cancer analyses: 607 
7,543 affected and 7,222 unaffected BRCA1 carriers, 4,138 affected and 3,766 unaffected BRCA2 608 
carriers). For OCAC, overall and progression-free survival data were available for 3,096 patients 609 
from 13 studies. Overall survival data were available for 28,471 patients from 26 BCAC studies 610 
and for 2,623 mutation carriers with breast cancer from 11 CIMBA studies (excluding studies with 611 
less than ten deaths) as described previously [26, 27]. Each study was approved by its relevant 612 
governing research ethics committee, and all study participants provided written informed consent. 613 
 614 
Genotyping and Imputation  615 
Genotyping for rs61764370 was performed using the custom iCOGS Illumina Infinium 616 
iSelect BeadChip, as previously described [22-25]. In total, DNA from 185,443 women of varying 617 
ethnic background was genotyped (47,630 OCAC participants, 114,255 BCAC participants, 23,558 618 
CIMBA participants), along with HapMap2 DNAs for European, African, and Asian populations. 619 
Genotype data were also available for three OCAC genome-wide association studies (UK GWAS, 620 
US GWAS, Mayo GWAS) that had been genotyped using either the Illumina Human610-Quad 621 
Beadchip (12,607 participants) [28] or the Illumina HumanOmni2.5-8 Beadchip (883 participants). 622 
Raw intensity data files underwent centralized genotype calling and quality control [22-25]. 623 
HapMap2 samples were used to identify women with predicted European intercontinental ancestry; 624 
among these women, a set of over 37,000 unlinked markers was used to perform principal 625 
component (PC) analysis [29]. The first five and seven European PCs were found to control 626 
adequately for residual population stratification in OCAC and BCAC data, respectively. Samples 627 
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with low conversion rate, extreme heterozygosity, non-female sex, or one of a first-degree relative 628 
pair (the latter for OCAC and BCAC only) were excluded. Variants were excluded if they were 629 
monomorphic or had a call rate <95% (minor allele frequency (MAF) >0.05) or <99% (MAF <0.05), 630 
deviation from Hardy-Weinberg equilibrium (p <10-7), or >2% duplicate discordance.  631 
In addition to rs61764370, 54 variants within 100 kb on either side of KRAS on 632 
chromosome 12 (25,258,179 to 25,503,854 bp in GRCh37.p12) were genotyped. Moreover, to 633 
provide a common set of variants across the region for analysis in all the data sets, we also used 634 
imputation to infer genotypes for another 1,056 variants and for variants that failed genotyping.  635 
We performed imputation separately for OCAC samples, BCAC samples, BRCA1 mutation 636 
carriers, BRCA2 mutation carriers, and for each of the OCAC GWAS. We imputed variants from 637 
the 1000 Genomes Project data using the v3 April 2012 release as the reference panel [30]. To 638 
improve computation efficiency we initially used a two-step procedure, which involved pre-phasing 639 
using the SHAPEIT software [31] in the first step and imputation of the phased data in the second. 640 
We used the IMPUTE version 2 software [32] for the imputation for all studies with the exception of 641 
the US GWAS for which we used the MACH algorithm implemented in the minimac software 642 
version 2012.8.15 and MACH version 1.0.18 [33]. We excluded variants from association analyses 643 
if their imputation accuracy was r2<0.30 or their MAF was <0.005, resulting in 974 variants 644 
genotyped and imputed for OCAC, 989 variants genotyped and imputed for BCAC, and 1,001 645 
variants genotyped and imputed for CIMBA, including rs61764370 (Supplementary Tables S5, S6, 646 
and S7).  647 
 648 
Analysis   649 
Genotypes were coded for genotype dosage as 0, 1, or 2, based on the number of copies 650 
of the minor allele. For ovarian cancer case-control analysis (i.e., OCAC studies), logistic 651 
regression provided estimated risks of invasive epithelial ovarian cancer with odds ratios (ORs) 652 
and 95% confidence intervals (CIs) adjusting for study, age, and the five European PCs. Subgroup 653 
analyses were conducted by histology, family ovarian and breast cancer history, menopausal 654 
status, time between ovarian cancer diagnosis and recruitment, and history of multiple primary 655 
cancers. For breast cancer case-control analysis (i.e., BCAC studies), the association between 656 
25 
 
genotype and invasive breast cancer risk was evaluated by logistic regression, adjusting for study, 657 
age, and the seven European PCs, providing ORs and 95% CIs. Additional subgroup analyses 658 
were based on receptor status, first-degree family ovarian and breast cancer history, BRCA1 and 659 
BRCA2 mutation status, enrollment within two years of diagnosis, menopausal status (i.e. last 660 
menstruation longer than twelve months ago), age at diagnosis less than 52 years, and history of 661 
hormone replacement therapy use (i.e. longer than twelve months use). Risk analysis for BRCA1 662 
and BRCA2 mutation carriers (i.e. CIMBA studies) was done using a Cox proportional hazard 663 
model to estimate hazard ratios (HRs) per copy of the minor allele, with age as follow-up time and 664 
stratified by country of residence; US and Canadian strata were further subdivided by self-reported 665 
Ashkenazi Jewish ancestry [24, 25]. A weighted cohort approach was applied to correct for 666 
potential testing bias due to overrepresentation of cases in the study population [34]. We used 667 
robust variance estimation to allow for the non-independence of carriers within the same family 668 
[35]. To assess associations with ovarian cancer risk, mutation carriers were followed from birth 669 
until ovarian cancer diagnosis (event), a risk-reducing salpingo-oophorectomy (RRSO) or the age 670 
at enrollment, whichever occurred first. We also performed analyses restricted to women 671 
diagnosed or censored within two years before their enrollment. To assess associations with 672 
breast cancer risk, mutation carriers were followed from birth until a breast cancer diagnosis (i.e. 673 
either ductal carcinoma in situ or invasive breast cancer), ovarian cancer diagnosis, a risk-reducing 674 
bilateral prophylactic mastectomy or the age at enrollment, whichever occurred first. 675 
Survival analysis of OCAC patients used Cox proportional hazards models estimating HRs 676 
and 95% CIs considering overall survival as well as progression-free survival following ovarian 677 
cancer diagnosis. Overall survival was adjusted for age at diagnosis, the five European PCs, 678 
histology, grade, FIGO stage, residual disease after debulking surgery, and stratified by study, left 679 
truncating at the date of study entry and right censoring at five years to minimize events due to 680 
other causes. Progression-free survival was analyzed as for overall survival, but without 681 
adjustment for age and right censoring, and was defined as the time between the date of histologic 682 
diagnosis and the first confirmed sign of disease recurrence or progression, based on GCIG 683 
(Gynecological Cancer InterGroup) criteria [36]. We also performed subgroup analysis of patients 684 
suboptimally debulked after cytoreductive surgery (residual disease >1cm) and of post-685 
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menopausal patients (age at diagnosis >52 years). Survival analysis of BCAC patients used Cox 686 
proportional hazard models estimating HRs and 95% CIs considering overall and breast cancer-687 
specific survival following breast cancer diagnosis. Models were adjusted for age at diagnosis, 688 
tumor size, nodal status, grade, adjuvant hormonal and/or chemotherapy, and stratified by study, 689 
left-truncating at the date of study entry and right censoring at ten years. In addition, we performed 690 
subgroup analysis on ER-positive and ER-negative patients. For CIMBA breast cancer patients 691 
associations between genotype and overall survival were evaluated using Cox proportional hazard 692 
models estimating HRs and 95% CIs. Models were adjusted for age at diagnosis, tumor size, nodal 693 
status, grade, adjuvant hormonal and/or chemotherapy, and preventive bilateral oophorectomy and 694 
stratified by study, left-truncating at the date of study entry and right censoring at twenty years. 695 
Analyses were performed using STATA version 12.0 (StataCorp, Texas, USA).  696 
 697 
RESULTS 698 
The results of the overall analysis as well as the subgroup analyses investigating the 699 
association between the minor allele at rs61764370 and ovarian cancer risk, breast cancer risk, 700 
and ovarian and breast cancer risks in BRCA1 and BRCA2 mutation carriers are shown in Table 1. 701 
Associations with clinical outcomes in and ovarian and breast cancer patients including BRCA1 702 
and BRCA2 mutation carriers are shown in Table 2 and Supplementary Table S4.  703 
We found no evidence for association between the rs61764370 G allele and ovarian or 704 
breast cancer risk. The most statistically significant association was observed for risk of low-grade 705 
serous ovarian cancer (n=485; OR 0.76, 95% CI 0.59-0.97, p=0.031), but this finding was not 706 
significant after Bonferroni correction for multiple testing. We also evaluated the association for 707 
additional specific subgroups in which an association with rs61764370 had been reported 708 
previously [3-6]. Ovarian cancer subgroups considered BRCA1 mutation carriers as well as 709 
BRCA1 and BRCA2 screened-negative patients with first degree family histories of breast or 710 
ovarian cancer and patients who had been diagnosed with breast cancer before their ovarian 711 
cancer diagnoses. For breast cancer these included, amongst others, BRCA1 mutation carriers, 712 
patients diagnosed with ER- and PR-negative tumors, and patients diagnosed with triple negative 713 
tumors before age 52 years. Importantly, we observed no evidence for association of rs61764370 714 
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with any of these subgroups (detailed in Table 1), with all ORs close to unity and very narrow CIs 715 
including unity. 716 
Similarly, case-only analyses did not reveal any associations between rs61764370 717 
genotype and ovarian and breast cancer clinical features or outcome (Table 2 and Supplementary 718 
Table S4). For example, the previously reported association between rs61764370 and risk of 719 
ERBB2-positive and high grade breast cancer in hormone replacement therapy users [18] was not 720 
replicated (Supplementary Table S4), and in ovarian cancer analyses we found no evidence of 721 
reduced survival among patients diagnosed after age 52 years or patients with suboptimal 722 
debulking after cytoreductive surgery (Table 2) [14]. The G allele of rs61764370 was also not 723 
associated with survival of breast cancer patients (Table 2). 724 
Finally, we evaluated the association between the primary phenotypes of interest and 725 
common genetic variation (MAF>0.02) in the genomic region of KRAS (i.e., within 100 kb on either 726 
side of the gene), using imputed and genotyped data on 974 variants for OCAC, 989 variants for 727 
BCAC, and 1,001 variants genotyped and imputed for CIMBA (Supplementary Tables S5, S6, and 728 
S7). We found no evidence of association for any of these variants, including rs61764370 and 729 
rs17388148, with these phenotypes that would withstand Bonferroni correction for multiple testing, 730 
as detailed in Supplementary Tables S5, S6, and S7 and shown in regional association plots 731 
(Figure 1). 732 
 733 
DISCUSSION 734 
Our analysis of 140,012 women genotyped for inherited variants in the KRAS region 735 
provides definitive clarification of the role of these variants in ovarian and breast cancer 736 
susceptibility and outcome.  We have found no evidence to support an association between 737 
rs61764370 and ovarian or breast cancer risk, or clinical outcomes in patients with ovarian or 738 
breast cancer. In the absence of any association and with ORs close to unity we would not 739 
typically consider sub-group analyses, particularly sub-groups for which differential associations 740 
would not be expected to occur. However, given the previous positive associations reported for a 741 
myriad of different subgroups, we tested for association among each of these subgroups and 742 
found no evidence to support the previously reported associations.   743 
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Our study has notable strengths. The vast majority (i.e. >95%) of the samples were 744 
genotyped using the same genotyping platform and employing a common approach to genotype 745 
calling and quality control; additional samples used denser arrays and nearly identical procedures. 746 
The very large sample sizes for all the major phenotypes of interest provide substantial statistical 747 
power to exclude any clinically relevant associated risks for the major phenotypes of interest 748 
(Figure 2). The null results found here are thus not due to lack of statistical power, and this 749 
analysis also had greater than 80% power to detect association for most of the subgroups, 750 
although for some subgroups it was not possible to exclude modest risks. In contrast to the current 751 
findings, other genetic association analyses using the same genotyping platform and the same 752 
studies as included here have identified more than 90 common germline variants associated with 753 
ovarian or breast cancer risk at p< 5 x 10-8 [22, 23, 37]. While critiques on a previous null KRAS 754 
report have suggested that inclusion of male controls, use of “prevalent” cases, and reliance on a 755 
surrogate genetic variant may have led to falsely negative conclusions, these are not issues in the 756 
present data set. Rather, we demonstrate the importance of international collaboration to identify 757 
true associations as well as to refute false associations, an equally important objective. 758 
The rise of individualized medicine including the use of panels of common variants to 759 
predict cancer risk more accurately than using family history alone holds great promise [38]. For 760 
example, the 31 prostate cancer susceptibility alleles confirmed as of 2011 (at p<5x10-8) can be 761 
combined to identify men in the top one percent of the risk distribution having a 3.2-fold increased 762 
risk [39]. Prediction has since then improved with now over 70 prostate cancer susceptibility alleles 763 
[40] and the utility of these genetic tests is currently under clinical evaluation. Similar clinical 764 
examination in ovarian and breast cancer is not far behind, with now over 18 and 77 confirmed 765 
susceptibility alleles, respectively, for these cancers [22, 23]. The genotype at rs61764370, 766 
however, does not predict ovarian or breast cancer risk, even among particular subgroups of 767 
women or for particular subtypes of disease, nor is it a marker of differential outcome following 768 
diagnosis with these cancers. Therefore, genetic test results for rs61764370 should not be used to 769 
counsel women about their ovarian or breast cancer risks or outcome. Our results highlight the 770 
dangers of developing clinical tests without appropriate data from carefully conducted, large-scale 771 
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TABLE LEGENDS 1330 
Table 1.  Associations between KRAS rs61764370 and risk of ovarian and breast cancer. 1331 
For BRCA1 and BRCA2 mutation carrier analyses, cases are affected BRCA1/BRCA2 mutation 1332 
carriers and controls are unaffected BRCA1/BRCA2 mutation carriers, and relative risks are 1333 
estimated by hazard ratios; for other analyses, relative risks are estimated by odds ratios; ovarian 1334 
cancer analyses used OCAC data adjusted for study, age, and the five European principal 1335 
components; breast cancer analyses used BCAC data adjusted for study, age, and the seven 1336 
European principal components; BRCA1 and BRCA2 mutation carrier analyses used CIMBA data 1337 
with age as follow-up time and stratified for country; 95% CI, 95% confidence interval.  1338 
 1339 
Table 2.  Associations between KRAS rs61764370 and outcome in ovarian and breast 1340 
cancer. 1341 
Ovarian cancer analyses used OCAC data adjusted for age at diagnosis (overall survival only), the 1342 
five European principal components, histology (serous, mucinous, endometrioid, clear cell, and 1343 
other epithelial), grade (low versus high), FIGO stage (I-IV), residual disease after debulking 1344 
surgery (nil versus any), and stratified by study; breast cancer analyses used BCAC data adjusted 1345 
for age at diagnosis, tumor size, nodal status, grade, adjuvant hormonal and/or chemotherapy and 1346 
was stratified by study; analyses for BRCA1 and BRCA2 mutation carriers used CIMBA data 1347 
adjusted for age at diagnosis, tumor size, nodal status, grade, adjuvant hormonal and/or 1348 
chemotherapy, and preventive bilateral oophorectomy and was stratified by study; 95% CI, 95% 1349 
confidence interval.  1350 
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FIGURE LEGENDS 1351 
Figure 1. Regional association plots for variants within the genomic region 100 kb either 1352 
side of KRAS and risk of ovarian and breast cancer.  1353 
X-axis position is referent to position (bp) on chromosome 12, build GRCh37.p12; yellow line 1354 
indicates position of KRAS; red triangle indicates rs61764370. Y-axis is –log10(p-values) from 1355 
association tests for risk of A) ER-negative breast cancer, B) ER-positive breast cancer, C) Breast 1356 
cancer in BRCA1 mutation carriers, D) Breast cancer in BRCA2 mutation carriers, E) Epithelial 1357 
ovarian cancer, F) Epithelial ovarian cancer in BRCA1 mutation carriers, and G) Epithelial ovarian 1358 
cancer in BRCA2 mutation carriers. 1359 
 1360 
Figure 2. Power curve for modest risk variants according to the total sample size.  1361 
X-axis is total sample size for which case-control ratio is 1:1. Y- axis is the statistical power (range 1362 
0·5-1·0) for variants given a range of risks, assuming alpha=0·01 and minor allele frequency 0·09. 1363 
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Objective. Clinical genetic testing is commercially available for rs61764370, an inherited 520 
variant residing in a KRAS 3′ UTR microRNA binding site, based on suggested associations with 521 
increased ovarian and breast cancer risk as well as with survival time. However, prior studies, 522 
emphasizing particular subgroups, were relatively small. Therefore, we comprehensively evaluated 523 
ovarian and breast cancer risks as well as clinical outcome associated with rs61764370.  524 
Methods. Centralized genotyping and analysis was performed for 140,012 women enrolled 525 
in the Ovarian Cancer Association Consortium (15,357 ovarian cancer patients; 30,816 controls), 526 
the Breast Cancer Association Consortium (33,530 breast cancer patients; 37,640 controls), and 527 
the Consortium of Modifiers of BRCA1 and BRCA2 (14,765 BRCA1 and 7,904 BRCA2 mutation 528 
carriers).  529 
Results. We found no association with risk of ovarian cancer (OR=0.99, 95% CI 0.94–1.04, 530 
p=0.74) or breast cancer (OR=0.98, 95% CI 0.94–1.01, p=0.19) and results were consistent 531 
among mutation carriers (BRCA1, ovarian cancer HR=1.09, 95% CI 0.97–1.23, p=0.14, breast 532 
cancer HR=1.04, 95% CI 0.97–1.12, p=0.27; BRCA2, ovarian cancer HR=0.89, 95% CI 0.71–1.13, 533 
p=0.34, breast cancer HR=1.06, 95% CI 0.94–1.19, p=0.35). Null results were also obtained for 534 
associations with overall survival following ovarian cancer (HR=0.94, 95% CI 0.83–1.07, p=0.38), 535 
breast cancer (HR=0.96, 95% CI 0.87–1.06, p=0.38), and all other previously-reported 536 
associations.  537 
Conclusions. rs61764370 is not associated with risk of ovarian or breast cancer nor with 538 
clinical outcome for patients with these cancers. Therefore, genotyping this variant has no clinical 539 




MicroRNAs (miRNAs) are a class of small non-coding RNA molecules that negatively 542 
regulate gene expression by binding partially complementary sites in the 3′ untranslated regions 543 
(UTRs) of their target mRNAs. In this way, miRNAs control many cancer-related biological 544 
pathways involved in cell proliferation, differentiation, and apoptosis [1]. To date, several inherited 545 
variants in microRNAs or miRNA target sites have been reported to confer increased cancer risks 546 
[2]. One such variant is located in the 3′ UTR of the KRAS gene (rs61764370 T>G) for which the 547 
rarer G allele has been reported to confer an increased risk of ovarian, breast, and lung cancer [3-548 
7] as well as endometriosis [8], although not consistently [9-11].  549 
For ovarian cancer, the rs61764370 G allele was also reported to be associated with 550 
increased risk (320 cases, 328 controls). Further increased risks were observed among 23 BRCA1 551 
mutation carriers and 31 women with familial ovarian cancer, but without BRCA1 or BRCA2 552 
mutations [3]. In contrast, no association with ovarian cancer risk was seen in another, much larger 553 
study, based on 8,669 cases, 10,012 controls, and 2,682 BRCA1 mutation carriers [9]. One 554 
criticism on the latter study was that some of the genotype data were for rs17388148, an imputed 555 
proxy for rs61764370; even though rs17388148 is highly correlated with rs61764370 (r2=0.97) and 556 
was imputed with high accuracy (r2=0.977) [12, 13]. The minor allele of rs61764370 was also 557 
associated with shorter survival time in a study of 279 ovarian cancer patients diagnosed after age 558 
52 years with platinum-resistant disease (28 resistant, 263 not resistant) and with sub-optimal 559 
debulking surgery after neoadjuvant chemotherapy (7 sub-optimal, 109 optimal) [14]. However, 560 
another study observed no association between rs61764370 and  ovarian cancer outcome (329 561 
cases) [15].  562 
For breast cancer, a borderline significant increased frequency of the rs61764370 G allele 563 
was observed in 268 BRCA1 mutation carriers with breast cancer, but not in 127 estrogen receptor 564 
(ER)-negative familial non-BRCA1/BRCA2 breast cancer patients [5]. However, in a subsequent 565 
study, the variant was reported to be associated with increased risk of ER/PR negative disease (80 566 
cases, 470 controls), as well as with triple negative breast cancer diagnosed before age 52 (111 567 
cases, 250 controls), regardless of BRCA1 mutation status [6]. The validity of these findings has 568 
been questioned given the very small sample sizes and the number of subgroups tested [16, 17]. 569 
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Another report found no association with sporadic or familial breast cancer risk (695 combined 570 
cases, 270 controls), but found that the variant was associated with ERBB2-positive and high 571 
grade disease, based on 153 cases who used post-menopausal hormone replacement therapy 572 
[18].  573 
It has also been reported, based on 232 women with both primary ovarian and breast 574 
cancer, that the frequency of the G allele at rs61764370 was increased for those who were 575 
screened negative for BRCA1 and BRCA2 (92 cases), particularly among those enrolled within two 576 
years of their ovarian cancer diagnosis (to minimize survival bias, 30 cases), those diagnosed with 577 
post-menopausal ovarian cancer (63 cases), those with a family history of ovarian or breast cancer 578 
(24 cases), and those with a third primary cancer (16 cases) [4].  579 
This notable lack of consistency in findings between studies might be expected when 580 
appropriate levels of statistical significance are not used to declare positive findings from multiple 581 
small subgroup comparisons or post-hoc hypotheses [19]. In this respect, the dangers of subgroup 582 
analyses in the context of clinical trials are well-recognized [20]. These are important caveats, 583 
particularly since a genetic test for rs61764370 is currently marketed in the US for risk prediction 584 
testing to women who are at increased risk for developing ovarian and/or breast cancer or women 585 
who have been diagnosed with either ovarian or breast cancer themselves [21]. In general, much 586 
larger studies, with sufficient power to detect positive findings at much more stringent levels of 587 
statistical significance ought to be required to establish the clinical validity of a genetic test. 588 
Therefore, we conducted centralized genotyping of rs61764370 and other variants in the genomic 589 
region around the KRAS gene in 140,012 women to examine associations with risk and clinical 590 
outcome of ovarian and breast cancer.  591 
 592 
METHODS 593 
Study Participants  594 
The following three consortia contributed to these analyses: the Ovarian Cancer 595 
Association Consortium (OCAC: 41 studies, Supplementary Table S1) [22], the Breast Cancer 596 
Association Consortium (BCAC: 37 studies, Supplementary Table S2) [23], and the Consortium of 597 
Modifiers of BRCA1 and BRCA2 (CIMBA: 55 studies, Supplementary Table S3) [24, 25]. OCAC 598 
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and BCAC consisted of case-control studies of unrelated women, and CIMBA consisted of studies 599 
of women with germline deleterious BRCA1 or BRCA2 mutations primarily identified through 600 
clinical genetics centers. For the purpose of the current analyses, only participants of European 601 
ancestry were included. Following genotyping, quality control exclusions (described below), and 602 
analysis-specific exclusions, data from the following women were available for analysis: 46,173 603 
OCAC participants (15,357 patients with invasive epithelial ovarian cancer and 30,816 controls), 604 
71,170 BCAC participants (33,530 patients with invasive breast cancer and 37,640 controls), and 605 
22,669 CIMBA participants (for ovarian cancer analyses: 2,332 affected and 12,433 unaffected 606 
BRCA1 carriers, 599 affected and 7,305 unaffected BRCA2 carriers; for breast cancer analyses: 607 
7,543 affected and 7,222 unaffected BRCA1 carriers, 4,138 affected and 3,766 unaffected BRCA2 608 
carriers). For OCAC, overall and progression-free survival data were available for 3,096 patients 609 
from 13 studies. Overall survival data were available for 28,471 patients from 26 BCAC studies 610 
and for 2,623 mutation carriers with breast cancer from 11 CIMBA studies (excluding studies with 611 
less than ten deaths) as described previously [26, 27]. Each study was approved by its relevant 612 
governing research ethics committee, and all study participants provided written informed consent. 613 
 614 
Genotyping and Imputation  615 
Genotyping for rs61764370 was performed using the custom iCOGS Illumina Infinium 616 
iSelect BeadChip, as previously described [22-25]. In total, DNA from 185,443 women of varying 617 
ethnic background was genotyped (47,630 OCAC participants, 114,255 BCAC participants, 23,558 618 
CIMBA participants), along with HapMap2 DNAs for European, African, and Asian populations. 619 
Genotype data were also available for three OCAC genome-wide association studies (UK GWAS, 620 
US GWAS, Mayo GWAS) that had been genotyped using either the Illumina Human610-Quad 621 
Beadchip (12,607 participants) [28] or the Illumina HumanOmni2.5-8 Beadchip (883 participants). 622 
Raw intensity data files underwent centralized genotype calling and quality control [22-25]. 623 
HapMap2 samples were used to identify women with predicted European intercontinental ancestry; 624 
among these women, a set of over 37,000 unlinked markers was used to perform principal 625 
component (PC) analysis [29]. The first five and seven European PCs were found to control 626 
adequately for residual population stratification in OCAC and BCAC data, respectively. Samples 627 
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with low conversion rate, extreme heterozygosity, non-female sex, or one of a first-degree relative 628 
pair (the latter for OCAC and BCAC only) were excluded. Variants were excluded if they were 629 
monomorphic or had a call rate <95% (minor allele frequency (MAF) >0.05) or <99% (MAF <0.05), 630 
deviation from Hardy-Weinberg equilibrium (p <10-7), or >2% duplicate discordance.  631 
In addition to rs61764370, 54 variants within 100 kb on either side of KRAS on 632 
chromosome 12 (25,258,179 to 25,503,854 bp in GRCh37.p12) were genotyped. Moreover, to 633 
provide a common set of variants across the region for analysis in all the data sets, we also used 634 
imputation to infer genotypes for another 1,056 variants and for variants that failed genotyping.  635 
We performed imputation separately for OCAC samples, BCAC samples, BRCA1 mutation 636 
carriers, BRCA2 mutation carriers, and for each of the OCAC GWAS. We imputed variants from 637 
the 1000 Genomes Project data using the v3 April 2012 release as the reference panel [30]. To 638 
improve computation efficiency we initially used a two-step procedure, which involved pre-phasing 639 
using the SHAPEIT software [31] in the first step and imputation of the phased data in the second. 640 
We used the IMPUTE version 2 software [32] for the imputation for all studies with the exception of 641 
the US GWAS for which we used the MACH algorithm implemented in the minimac software 642 
version 2012.8.15 and MACH version 1.0.18 [33]. We excluded variants from association analyses 643 
if their imputation accuracy was r2<0.30 or their MAF was <0.005, resulting in 974 variants 644 
genotyped and imputed for OCAC, 989 variants genotyped and imputed for BCAC, and 1,001 645 
variants genotyped and imputed for CIMBA, including rs61764370 (Supplementary Tables S5, S6, 646 
and S7).  647 
 648 
Analysis   649 
Genotypes were coded for genotype dosage as 0, 1, or 2, based on the number of copies 650 
of the minor allele. For ovarian cancer case-control analysis (i.e., OCAC studies), logistic 651 
regression provided estimated risks of invasive epithelial ovarian cancer with odds ratios (ORs) 652 
and 95% confidence intervals (CIs) adjusting for study, age, and the five European PCs. Subgroup 653 
analyses were conducted by histology, family ovarian and breast cancer history, menopausal 654 
status, time between ovarian cancer diagnosis and recruitment, and history of multiple primary 655 
cancers. For breast cancer case-control analysis (i.e., BCAC studies), the association between 656 
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genotype and invasive breast cancer risk was evaluated by logistic regression, adjusting for study, 657 
age, and the seven European PCs, providing ORs and 95% CIs. Additional subgroup analyses 658 
were based on receptor status, first-degree family ovarian and breast cancer history, BRCA1 and 659 
BRCA2 mutation status, enrollment within two years of diagnosis, menopausal status (i.e. last 660 
menstruation longer than twelve months ago), age at diagnosis less than 52 years, and history of 661 
hormone replacement therapy use (i.e. longer than twelve months use). Risk analysis for BRCA1 662 
and BRCA2 mutation carriers (i.e. CIMBA studies) was done using a Cox proportional hazard 663 
model to estimate hazard ratios (HRs) per copy of the minor allele, with age as follow-up time and 664 
stratified by country of residence; US and Canadian strata were further subdivided by self-reported 665 
Ashkenazi Jewish ancestry [24, 25]. A weighted cohort approach was applied to correct for 666 
potential testing bias due to overrepresentation of cases in the study population [34]. We used 667 
robust variance estimation to allow for the non-independence of carriers within the same family 668 
[35]. To assess associations with ovarian cancer risk, mutation carriers were followed from birth 669 
until ovarian cancer diagnosis (event), a risk-reducing salpingo-oophorectomy (RRSO) or the age 670 
at enrollment, whichever occurred first. We also performed analyses restricted to women 671 
diagnosed or censored within two years before their enrollment. To assess associations with 672 
breast cancer risk, mutation carriers were followed from birth until a breast cancer diagnosis (i.e. 673 
either ductal carcinoma in situ or invasive breast cancer), ovarian cancer diagnosis, a risk-reducing 674 
bilateral prophylactic mastectomy or the age at enrollment, whichever occurred first. 675 
Survival analysis of OCAC patients used Cox proportional hazards models estimating HRs 676 
and 95% CIs considering overall survival as well as progression-free survival following ovarian 677 
cancer diagnosis. Overall survival was adjusted for age at diagnosis, the five European PCs, 678 
histology, grade, FIGO stage, residual disease after debulking surgery, and stratified by study, left 679 
truncating at the date of study entry and right censoring at five years to minimize events due to 680 
other causes. Progression-free survival was analyzed as for overall survival, but without 681 
adjustment for age and right censoring, and was defined as the time between the date of histologic 682 
diagnosis and the first confirmed sign of disease recurrence or progression, based on GCIG 683 
(Gynecological Cancer InterGroup) criteria [36]. We also performed subgroup analysis of patients 684 
suboptimally debulked after cytoreductive surgery (residual disease >1cm) and of post-685 
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menopausal patients (age at diagnosis >52 years). Survival analysis of BCAC patients used Cox 686 
proportional hazard models estimating HRs and 95% CIs considering overall and breast cancer-687 
specific survival following breast cancer diagnosis. Models were adjusted for age at diagnosis, 688 
tumor size, nodal status, grade, adjuvant hormonal and/or chemotherapy, and stratified by study, 689 
left-truncating at the date of study entry and right censoring at ten years. In addition, we performed 690 
subgroup analysis on ER-positive and ER-negative patients. For CIMBA breast cancer patients 691 
associations between genotype and overall survival were evaluated using Cox proportional hazard 692 
models estimating HRs and 95% CIs. Models were adjusted for age at diagnosis, tumor size, nodal 693 
status, grade, adjuvant hormonal and/or chemotherapy, and preventive bilateral oophorectomy and 694 
stratified by study, left-truncating at the date of study entry and right censoring at twenty years. 695 
Analyses were performed using STATA version 12.0 (StataCorp, Texas, USA).  696 
 697 
RESULTS 698 
The results of the overall analysis as well as the subgroup analyses investigating the 699 
association between the minor allele at rs61764370 and ovarian cancer risk, breast cancer risk, 700 
and ovarian and breast cancer risks in BRCA1 and BRCA2 mutation carriers are shown in Table 1. 701 
Associations with clinical outcomes in and ovarian and breast cancer patients including BRCA1 702 
and BRCA2 mutation carriers are shown in Table 2 and Supplementary Table S4.  703 
We found no evidence for association between the rs61764370 G allele and ovarian or 704 
breast cancer risk. The most statistically significant association was observed for risk of low-grade 705 
serous ovarian cancer (n=485; OR 0.76, 95% CI 0.59-0.97, p=0.031), but this finding was not 706 
significant after Bonferroni correction for multiple testing. We also evaluated the association for 707 
additional specific subgroups in which an association with rs61764370 had been reported 708 
previously [3-6]. Ovarian cancer subgroups considered BRCA1 mutation carriers as well as 709 
BRCA1 and BRCA2 screened-negative patients with first degree family histories of breast or 710 
ovarian cancer and patients who had been diagnosed with breast cancer before their ovarian 711 
cancer diagnoses. For breast cancer these included, amongst others, BRCA1 mutation carriers, 712 
patients diagnosed with ER- and PR-negative tumors, and patients diagnosed with triple negative 713 
tumors before age 52 years. Importantly, we observed no evidence for association of rs61764370 714 
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with any of these subgroups (detailed in Table 1), with all ORs close to unity and very narrow CIs 715 
including unity. 716 
Similarly, case-only analyses did not reveal any associations between rs61764370 717 
genotype and ovarian and breast cancer clinical features or outcome (Table 2 and Supplementary 718 
Table S4). For example, the previously reported association between rs61764370 and risk of 719 
ERBB2-positive and high grade breast cancer in hormone replacement therapy users [18] was not 720 
replicated (Supplementary Table S4), and in ovarian cancer analyses we found no evidence of 721 
reduced survival among patients diagnosed after age 52 years or patients with suboptimal 722 
debulking after cytoreductive surgery (Table 2) [14]. The G allele of rs61764370 was also not 723 
associated with survival of breast cancer patients (Table 2). 724 
Finally, we evaluated the association between the primary phenotypes of interest and 725 
common genetic variation (MAF>0.02) in the genomic region of KRAS (i.e., within 100 kb on either 726 
side of the gene), using imputed and genotyped data on 974 variants for OCAC, 989 variants for 727 
BCAC, and 1,001 variants genotyped and imputed for CIMBA (Supplementary Tables S5, S6, and 728 
S7). We found no evidence of association for any of these variants, including rs61764370 and 729 
rs17388148, with these phenotypes that would withstand Bonferroni correction for multiple testing, 730 
as detailed in Supplementary Tables S5, S6, and S7 and shown in regional association plots 731 
(Figure 1). 732 
 733 
DISCUSSION 734 
Our analysis of 140,012 women genotyped for inherited variants in the KRAS region 735 
provides definitive clarification of the role of these variants in ovarian and breast cancer 736 
susceptibility and outcome.  We have found no evidence to support an association between 737 
rs61764370 and ovarian or breast cancer risk, or clinical outcomes in patients with ovarian or 738 
breast cancer. In the absence of any association and with ORs close to unity we would not 739 
typically consider sub-group analyses, particularly sub-groups for which differential associations 740 
would not be expected to occur. However, given the previous positive associations reported for a 741 
myriad of different subgroups, we tested for association among each of these subgroups and 742 
found no evidence to support the previously reported associations.   743 
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Our study has notable strengths. The vast majority (i.e. >95%) of the samples were 744 
genotyped using the same genotyping platform and employing a common approach to genotype 745 
calling and quality control; additional samples used denser arrays and nearly identical procedures. 746 
The very large sample sizes for all the major phenotypes of interest provide substantial statistical 747 
power to exclude any clinically relevant associated risks for the major phenotypes of interest 748 
(Figure 2). The null results found here are thus not due to lack of statistical power, and this 749 
analysis also had greater than 80% power to detect association for most of the subgroups, 750 
although for some subgroups it was not possible to exclude modest risks. In contrast to the current 751 
findings, other genetic association analyses using the same genotyping platform and the same 752 
studies as included here have identified more than 90 common germline variants associated with 753 
ovarian or breast cancer risk at p< 5 x 10-8 [22, 23, 37]. While critiques on a previous null KRAS 754 
report have suggested that inclusion of male controls, use of “prevalent” cases, and reliance on a 755 
surrogate genetic variant may have led to falsely negative conclusions, these are not issues in the 756 
present data set. Rather, we demonstrate the importance of international collaboration to identify 757 
true associations as well as to refute false associations, an equally important objective. 758 
The rise of individualized medicine including the use of panels of common variants to 759 
predict cancer risk more accurately than using family history alone holds great promise [38]. For 760 
example, the 31 prostate cancer susceptibility alleles confirmed as of 2011 (at p<5x10-8) can be 761 
combined to identify men in the top one percent of the risk distribution having a 3.2-fold increased 762 
risk [39]. Prediction has since then improved with now over 70 prostate cancer susceptibility alleles 763 
[40] and the utility of these genetic tests is currently under clinical evaluation. Similar clinical 764 
examination in ovarian and breast cancer is not far behind, with now over 18 and 77 confirmed 765 
susceptibility alleles (at p<5x10-8), respectively, for these cancers [22, 23]. The genotype at 766 
rs61764370, however, does not predict ovarian or breast cancer risk, even among particular 767 
subgroups of women or for particular subtypes of disease, nor is it a marker of differential outcome 768 
following diagnosis with these cancers. Therefore, genetic test results for rs61764370 should not 769 
be used to counsel women about their ovarian or breast cancer risks or outcome. Our results 770 
highlight the dangers of developing clinical tests without appropriate data from carefully conducted, 771 
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TABLE LEGENDS 1330 
Table 1.  Associations between KRAS rs61764370 and risk of ovarian and breast cancer. 1331 
For BRCA1 and BRCA2 mutation carrier analyses, cases are affected BRCA1/BRCA2 mutation 1332 
carriers and controls are unaffected BRCA1/BRCA2 mutation carriers, and relative risks are 1333 
estimated by hazard ratios; for other analyses, relative risks are estimated by odds ratios; ovarian 1334 
cancer analyses used OCAC data adjusted for study, age, and the five European principal 1335 
components; breast cancer analyses used BCAC data adjusted for study, age, and the seven 1336 
European principal components; BRCA1 and BRCA2 mutation carrier analyses used CIMBA data 1337 
with age as follow-up time and stratified for country; 95% CI, 95% confidence interval.  1338 
 1339 
Table 2.  Associations between KRAS rs61764370 and outcome in ovarian and breast 1340 
cancer. 1341 
Ovarian cancer analyses used OCAC data adjusted for age at diagnosis (overall survival only), the 1342 
five European principal components, histology (serous, mucinous, endometrioid, clear cell, and 1343 
other epithelial), grade (low versus high), FIGO stage (I-IV), residual disease after debulking 1344 
surgery (nil versus any), and stratified by study; breast cancer analyses used BCAC data adjusted 1345 
for age at diagnosis, tumor size, nodal status, grade, adjuvant hormonal and/or chemotherapy and 1346 
was stratified by study; analyses for BRCA1 and BRCA2 mutation carriers used CIMBA data 1347 
adjusted for age at diagnosis, tumor size, nodal status, grade, adjuvant hormonal and/or 1348 
chemotherapy, and preventive bilateral oophorectomy and was stratified by study; 95% CI, 95% 1349 
confidence interval.  1350 
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FIGURE LEGENDS 1351 
Figure 1. Regional association plots for variants within the genomic region 100 kb either 1352 
side of KRAS and risk of ovarian and breast cancer.  1353 
X-axis position is referent to position (bp) on chromosome 12, build GRCh37.p12; yellow line 1354 
indicates position of KRAS; red triangle indicates rs61764370. Y-axis is –log10(p-values) from 1355 
association tests for risk of A) ER-negative breast cancer, B) ER-positive breast cancer, C) Breast 1356 
cancer in BRCA1 mutation carriers, D) Breast cancer in BRCA2 mutation carriers, E) Epithelial 1357 
ovarian cancer, F) Epithelial ovarian cancer in BRCA1 mutation carriers, and G) Epithelial ovarian 1358 
cancer in BRCA2 mutation carriers. 1359 
 1360 
Figure 2. Power curve for modest risk variants according to the total sample size.  1361 
X-axis is total sample size for which case-control ratio is 1:1. Y- axis is the statistical power (range 1362 







Relative Risk  
(95% CI) 
 
 Cases Controls Cases Controls P-value 
Ovarian Cancer 
     
  
All invasive 15,357 30,816 0.0914 0.0949 0.99 (0.94-1.04) 0.74 
Histology 
      
High-grade serous 6,938 30,816 0.0946 0.0949 1.04 (0.97-1.11) 0.26 
Endometrioid 2,151 30,816 0.0834 0.0949 0.90 (0.80-1.00) 0.06 
Clear cell 1,015 30,816 0.0994 0.0949 1.09 (0.94-1.27) 0.27 
Mucinous 1,000 30,816 0.0902 0.0949 0.99 (0.85-1.16) 0.91 
Low-grade serous 485 30,816 0.0705 0.0949 0.76 (0.59-0.97) 0.03 
First-degree family history  
      
Ovarian cancer 483 342 0.0803 0.0849 0.87 (0.60-1.27) 0.47 
Breast or ovarian cancer 477 18,442 0.0977 0.0915 1.09 (0.93-1.28) 0.28 
    BRCA1/2 mutation negative 346 15,492 0.1050 0.0997 1.09 (0.85-1.41) 0.49 
BRCA1 mutation carriers 2,332 12,433 0.0954 0.0922 1.09 (0.97-1.23) 0.14 
BRCA2 mutation carriers 599 7,305 0.0952 0.0966 0.89 (0.71-1.13) 0.34 
Enrolled within two years of 
diagnosis 
      
    All invasive 10,121 30,815 0.0942 0.0949 0.99 (0.95-1.04) 0.68 
    BRCA1 mutation carriers 1,095 10,802 0.0950 0.0940 1.05 (0.90-1.23) 0.52 
    BRCA2 mutation carriers 270 6,509 0.0907 0.0979 0.85 (0.60-1.20) 0.36 
Menopausal Status       
    Pre- or peri-menopausal 4,264 8,789 0.0915 0.0927 1.02 (0.92-1.13) 0.68 
    Post-menopausal 11,058 15,903 0.0916 0.0951 0.99 (0.93-1.06) 0.81 
Prior breast cancer       
    Enrolled within two years of 
    diagnosis 
426 30,815 0.0943 0.0949 0.91 (0.71-1.17) 0.46 
    Post-menopausal ovarian      
    cancer  
341 15,903 0.0810 0.0951 0.90 (0.68-1.21) 0.49 
    First degree breast or ovarian  
    cancer family history 
202 30,815 0.0916 0.0949 0.99 (0.70-1.40) 0.95 
Breast Cancer           
All invasive 33,530 37,640 0.0904 0.0930 0.98 (0.94-1.01) 0.19 
Receptor status       
    ER-/PR- 4,009 37,043 0.0940 0.0932 1.04 (0.96-1.13) 0.36 
    ER-/PR-/ERBB2- 1,673 28,480 0.0885 0.0947 0.97 (0.85-1.10) 0.62 
First-degree family history        
    Breast cancer 4,357 1,943 0.0942 0.0954 0.96 (0.84-1.10) 0.59 
    Ovarian or breast cancer 4,593 2,265 0.0933 0.0949 0.96 (0.85-1.09) 0.52 
Age diagnosis <52       
    ER-/PR- 1,530 37,043 0.0980 0.0932 1.07 (0.95-1.22) 0.28 
    ER-/PR-/ERBB2- 546 27,690 0.0908 0.0948 0.99 (0.81-1.20) 0.90 
BRCA1/2 mutation negative 1,431 1,097 0.0853 0.0925 0.91(0.75-1.11) 0.35 
BRCA1 mutation carriers 7,543 7,222 0.0935 0.0919 1.04 (0.97-1.12) 0.27 
BRCA2 mutation carriers 4,138 3,766 0.1005 0.0921 1.06 (0.94-1.19) 0.35 
Enrolled within two years of 
diagnosis 
      
    All invasive 20,444 34,349 0.0924 0.0934 0.99 (0.95-1.04) 0.73 
    BRCA1 mutation carriers 2,595 5,976 0.0896 0.0924 0.95 (0.85-1.05) 0.30 
    BRCA2 mutation carriers 1,359 3,365 0.0960 0.0926 1.05 (0.90-1.23) 0.52 
Menopausal atatus       
    Pre- or peri-menopausal                              7,086 8,642 0.0934 0.0933 0.98 (0.91-1.07) 0.70 
    Post-menopausal 16,346 18,605 0.0904 0.0943 0.98 (0.93-1.03) 0.36 
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Ovarian Cancer         
Overall survival     
   All patients 3,096 1,421 0.94 (0.83-1.07) 0.38 
   Patients who were suboptimally debulked after 
cytoreductive surgery 
1,114 784 0.94 (0.78-1.13) 0.50 
   Post-menopausal patients > 52 years 2,226 1,276 0.97 (0.84-1.12) 0.70 
Progression-free survival  
   
   All patients 3,096 2,144 1.01 (0.90-1.13) 0.84 
   Patients who were suboptimally debulked after 
cytoreductive surgery 
1,114 961 1.03 (0.87-1.21) 0.74 
   Post-menopausal patients > 52 years 2,226 1,603 1.02 (0.90-1.16) 0.76 
Breast Cancer         
Overall survival      
   All patients 28,471 3,013 0.96 (0.87-1.06) 0.38 
   ER-positive patients  20,071 1,754 0.96 (0.85-1.10) 0.58 
   ER-negative patients 4,778 771 0.97 (0.81-1.18) 0.78 
Breast cancer-specific survival     
   All patients 28,471 1,693 0.95 (0.83-1.08) 0.40 
Overall survival     
   BRCA1 mutation carriers 1,706 241 0.72 (0.48-1.08) 0.11 
   BRCA2 mutation carriers 917 162 0.98 (0.65-1.46) 0.90 
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Supplementary Table S1.  Participating Ovarian Cancer Association Consortium (OCAC) Studies 
OCAC Study Name Abbreviation Study Location Study Type Controls Cases (with 
survival) 
Australian Ovarian Cancer Study/Australian Cancer 
Study (Ovarian Cancer) 
AUS Australia  Population based/ case-
control 
977 880  (678) 
Bavarian Ovarian Cancer Cases and Controls BAV Southeast Germany  Population based/ case-
control 
143 93  (90) 
Belgian Ovarian Cancer Study BEL Belgium, University Hospital Leuven Hospital based/ case-control 1,349 275  (236) 




1,487 904 (0) 
Oregon Ovarian Cancer Registry ORE USA: Portland, Oregon  Case only 0 55 (49) 
German Ovarian Cancer Study GER Germany: two geographical regions in the 
states of Baden-Württemberg and 
Rhineland-Palatinate in southern Germany 
Population based/ case-
control 
413 189 (0) 
Dr. Horst Schmidt Kliniken HSK Germany  Case only  144 (144) 
Hawaii Ovarian Cancer Case-Control Study HAW USA: Hawaii Population based/ case-
control 
157 60 (51) 
Hannover-Jena Ovarian Cancer Study HJO Germany  Hospital based/ case-control 273 266 (0) 
Hannover-Minsk Ovarian Cancer Study HMO Belarus  Case-control 138 143 (0) 
Helsinki Ovarian Cancer Study HOC Helsinki, Finland  Case-control 447 221 (0) 
Novel Risk Factors and Potential Early Detection 
Markers for Ovarian Cancer 
HOP USA: Western PA, Northeastern Ohio, 
Western New York 
Population based/ case-
control 
1,464 654 (0) 
Gilda Radner Familial Ovarian Cancer Registry  GRR USA: National Familial cancer/ case only  132 (0) 
Women’s Cancer Program at the Samuel Oschin 
Comprehensive Cancer Institute 
LAX USA: Southern California Case only  277 (222) 
Los Angeles County Case-control studies of Ovarian 
Cancer-1 
USC USA: Los Angeles County, California  Population based/ case-
control 
1047 689 (0) 
MALignant OVArian Cancer MAL Denmark  Population based/ case-
control 
828 440 (363) 
Danish Pelvic Mass Study PVD Denmark  Case only 0 169 (152) 
Mayo Clinic Ovarian Cancer Case-Control Study MAY USA: North Central (MN, SD, ND, IL, IA, 
WI) 
Clinic based/ case-control 971 811 (687) 
Melbourne Collaborative Cohort Study MCC Melbourne, Australia  Cohort/ Nested case-control 66 63 (0) 
MD Anderson Ovarian Cancer Study MDA USA: Texas Hospital based/ Case-
control 
384 373 (0) 
Memorial Sloan-Kettering Cancer Center  MSK USA: New York City Case-control 593 467 (0) 
6. Supplementary Material
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OCAC Study Name Abbreviation Study Location Study Type Controls Cases (with 
survival) 




826 761 (213) 




1,122 766 (87) 
Nurses’ Health Study NHS USA: National  Population based/ Nested 
case-control 
455 138 (0) 
New Jersey Ovarian Cancer Study NJO USA: New Jersey (six counties) Case-control 181 169 (0) 
University of Bergen, Haukeland University Hospital, 
Norway 
NOR Norway  Case-control 371 237 (0) 
Nijmegen Ovarian Cancer Study NTH Eastern part of the Netherlands Case-control 323 255 (0) 
Ovarian Cancer in Alberta and British Columbia OVA Alberta and British Columbia, Canada Case-control 748 631 (0) 
Polish Ovarian Cancer Study POC Poland: Szczecin, Poznan, Opole, 
Rzeszów 
Case-control 417 422 (0) 
Polish Ovarian Cancer Case Control Study POL Poland: Warsaw, and Lodz Population based/ case-
control 
741 260 (0) 
Study of Epidemiology and Risk Factors in Cancer 
Heredity 
SEA UK: East Anglia and West Midlands Population based/ case-
control 
6,024 1,385 (0) 
Family Registry for Ovarian Cancer and Genetic 
Epidemiology of Ovarian Cancer 




313 251 (0) 
Tampa Bay Ovarian Cancer Study TBO USA: Florida Case-control 169 227 (0) 
Toronto Ovarian Cancer Study TOR Canada: Province of Ontario Population based 598 755 (0) 
University of California Irvine Ovarian Study UCI USA: Southern California (Orange and 
San-Diego, Imperial Counties) 
Population based/ case-
control 
367 277 (0) 
United Kingdom Ovarian Cancer Population Study UKO UK: England, Wales and Northern Ireland Population based/ case-
control 
1,104 730 (0) 
Royal Marsden Hospital Ovarian Cancer Study RMH UK: London Hospital based/ case only 0 154 (0) 
UK Familial Ovarian Cancer Registry UKR UK: National Case only/ familial register 0 47 (0) 
Southampton Ovarian Cancer Study SOC UK: Wessex region Case only/ hospital based 0 267 (0) 
Scottish Randomised Trial in Ovarian Cancer SRO UK: coordinated through clinical trials unit, 
Glasgow UK from patients recruited world-
wide 
Case only/ clinical trial 0 158 (124) 
Warsaw Ovarian Cancer Study  WOC Poland: Warsaw and central Poland Case-control 204 202  (0) 
TOTAL    30,816 15,397 (3,096) 
 
Totals represent the number of subjects passing quality control criteria included in these analyses; number in parentheses is number with survival time data. 
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Supplementary Table S2.  Participating Breast Cancer Association Consortium (BCAC) Studies 
BCAC Study Name Abbreviation Study Location Study Type Controls Cases (with 
survival) 
Australian Breast Cancer Family Study ABCFS Australia: Melbourne and Sydney Population based/ 
case-control 
490 720 (745) 
Amsterdam Breast Cancer Study ABCS The Netherlands, NKI-AVL Early onset & 
familial cancer/ 
mixed case-control 
1,156 1,069 (564) 
Bavarian Breast Cancer Cases and Controls BBCC Germany: Northern Bavaria Mixed/ case-control 457 553 (214) 
British Breast Cancer Study BBCS UK: England and Scotland Mixed/ case-control 1,302 1,408 (0) 
Breast Cancer in Galway Genetic Study BIGGS Western part of Ireland Hospital based/ 
case-control 
49 230 (0) 
Breast Cancer Study of the University Clinic Heidelberg BSUCH Germany: Heidelberg and Mannheim Hospital based/ 
case-control 
945 799 (384) 
CECILE Breast Cancer Study CECILE France: departments of Ille-et-Vilaine 
and Côte d’Or 
Mixed/ case-control 991 892 (0) 
Copenhagen General Population Study CGPS Denmark: Copenhagen Hospital based/ 
case-control 
3,927 2,269 (1,999) 
California Teachers Study CTS USA: California Cohort/ nested 
case-control 
44 51 (0) 
ESTHER Breast Cancer Study ESTHER Germany: Saarland Hospital based/ 
case-control 
500 465 (363) 
Gene Environment Interaction and Breast Cancer in Germany GENICA Germany: greater Bonn area Population based/ 
case-control 
420 463 (0) 
Helsinki Breast Cancer Study HEBCS Southern part of Finland Mixed/ case-control 1,226 600 (1428) 
Hannover-Minsk Breast Cancer Study HMBCS Belarus: Minsk, Gomel, Mogilev, 
Grodno, Brest and Vitebsk 
Mixed/ case-control 130 641 (0) 
Karolinska Breast Cancer Study KARBAC Sweden: Stockholm Familial cancer/ 
mixed case-control 
0 0 (402) 
Kuopio Breast Cancer Project KBCP Finland, Kuopio University Hospital Hospital based/ 
case-control 
250 407 (396) 
Kathleen Cuningham Foundation Consortium for Research 
into Familial Breast Cancer/Australian Ovarian Cancer Study 
kConFab/AOCS Australia and New Zealand Familial cancer/ 
mixed case-control 
867 357 (214) 
Leuven Multidisciplinary Breast Centre LMBC Belgium: Leuven Mixed/ case-control 1,386 2,484 (2,407) 




1,745 1,629 (1,577) 
Milan Breast Cancer Study Group MBCSG Italy:Milan Familial cancer/ 
mixed case-control 
389 189 (152) 
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BCAC Study Name Abbreviation Study Location Study Type Controls Cases (with 
survival) 
Mayo Clinic Breast Cancer Study MCBCS USA: North Central (MN, SD, ND, IL, 
IA, WI) 
Mixed/ case-control 1,917 1,532 (1,368) 
Melbourne Collaborative Cohort Study MCCS Australia: Melbourne Prospective cohort 506 614 (508) 
Multiethnic Cohort MEC USA: California and Hawai  Prospective cohort 741 705 (644) 
Montreal Gene-Environment Breast Cancer study MTLGEBCS Canada: Montreal Mixed/ case-control 359 408 (0) 
Norwegian Breast Cancer Study NBCS Norway: Oslo, Bergen and Tromsø Mixed/ case-control 70 22 (0) 
Nashville Breast Health Study NBHS USA: Nashville Mixed/ case-control 119 122 (0) 
Oulu Breast Cancer Study OBCS Northern part of Finland Mixed/ case-control 410 500 (474) 
Ontario Familial Breast Cancer Registry OFBCR Canada: Ontario Population based/ 
case-control 
488 820 (925) 
Leiden University Medical Centre Breast Cancer Study ORIGO The Netherlands: South-West area Hospital based/ 
case-control 
0 0 (307) 
Polish Breast Cancer Study PBCS Poland Population based/ 
case-control 
423 519 (436) 
Karolinska Mammography Project for Risk Prediction of 
Breast Cancer 
pKARMA Sweden: Stockholm/Gotland area Population based/ 
case-control 
5,450 4,196 (4,403) 
Rotterdam Breast cancer Study RBCS The Netherlands: Rotterdam area Familial cancer/ 
mixed case-control 
0 0 (541) 
Singapore and Sweden Breast Cancer Study SASBAC Sweden Population based/ 
case-control 
1,268 1,150 (1,131) 
Sheffield Breast Cancer Study SBCS UK, Sheffield Mixed/ case-control 839 748 (674) 
Study of Epidemiology and Risk Factors in Cancer Hereditary SEARCH Eastern part of UK Mixed/ case-control 8,000 6,357 (6,097) 
Städtisches Klinikum Karlsruhe Deutsches  
Krebsforschungszentrum Study 
SKKDKFZS Germany: Karlsruhe Mixed/ case-control 0 0 (118) 
Szczecin Breast Cancer Study SZBCS Poland: West-Pomerania Mixed/ case-control 315 205 (0) 
Breakthrough Generations Study UKBGS UK Cohort/ nested 
case-control 
461 406 (0) 
TOTAL     37,640 33,530 (28,471) 
 
Totals represent the number of subjects passing quality control criteria included in these analyses; studies with zero cases other than those with survival data were excluded from 
case-control comparison, but included in survival analyses; number in parentheses is number with survival time data. 
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Supplementary Table S3. Participating Consortium of Investigators of Modifiers of BRCA1/2 (CIMBA) Studies 
CIMBA Study Name Abbreviation Study Location N Unaffected 
BRCA1 carriers:  
BC / OC 
N Affected BRCA1 
carriers: BC (with 
survival) / OC 
N Unaffected 
BRCA2 carriers: 
BC / OC 
N Affected BRCA2 
carriers: BC (with 
survival) / OC 
Breast Cancer Family Registry BCFR Australia, 
Canada, USA 
176 / 413 285 (80) / 48 152 / 330 196 (56) / 18 
Baltic Familial Breast Ovarian Cancer 
Consortium 
BFBOCC Lithuania 88 / 86 58 (0) / 60 0 / 0 0 (0) / 0 
Beth Israel Deaconess Medical Center BIDMC USA 18 / 41 27 (0) / 4 5 / 9 4 (0) / 0 
BRCA-gene mutations and breast 
cancer in South African women 
BMBSA South Africa 23 / 48 38 (0) / 13 53 / 132 93 (0) / 14 
Beckman Research Institute of the City 
of Hope 
BRICOH USA 114 / 154 62 (0) / 22 80 / 120 48 (0) / 8 
Copenhagen Breast Cancer Study CBCS Denmark 175 / 237 121 (0) / 59 49 / 86 45 (0) / 8 
Spanish National Cancer Centre Breast 
Cancer Study 
CNIO Spain 53 / 97 61 (0) / 17 113 / 211 113 (0) / 15 
City of Hope Cancer Center COH USA 86 / 202 139 (0) / 23 42 / 107 65 (0) / 0 
CONsortio Studi ITaliani sui Tumori 
Ereditari Alla Mammella 
CONSIT TEAM Italy 220 / 348 247 (0) / 119 65 / 163 117 (0) / 19 
National Center for Scientific Research 
“Demokritos” 
DEMOKRITOS Greece 73 / 142 121 (0) / 52 0 / 0 0 (0) / 0 
Dana Farber Cancer Institute DFCI USA 79 / 138 77 (0) / 18 79 / 130 55 (0) / 4 
German Cancer Research Center DKFZ Germany 18 / 58 41 (0) / 1 11 / 22 14 (0) / 3 
Epidemiological study of BRCA1 & 
BRCA2 mutation carriers 
EMBRACE UK 726 / 1,249 724 (544) / 201 545 / 946 475 (311) / 74 
Fox Chase Cancer Center FCCC USA 68 / 93 47 (0) / 22 35 / 45 19 (0) / 9 
German Consortium of Hereditary 
Breast and Ovarian Cancer 
GC-HBOC Germany 334 / 828 645 (0) / 151 185 / 492 348 (0) / 41 
Genetic modifiers of Cancer Risk in 
BRCA1/2 Mutation Carriers 
GEMO France 576 / 1,099 790 (0) / 267 204 / 653 502 (0) / 53 
Georgetown Hospital GEORGETOWN USA 6 / 16 10 (0) / 0 0 / 0 0 (0) / 0 
Ghent University Hospital G-FAST Belgium 121 / 237 149 (0) / 33 0 / 0 0 (0) / 0 
Gynecologic Oncology Group GOG USA 172 / 344 172 (0) / 0 159 / 306 147 (0) / 0 
Hospital Clinico San Carlos HCSC Spain 74 / 106 56 (0) / 24 54 / 104 59 (0) / 9 
Helsinki Breast Cancer Study HEBCS Finland 42 / 75 55 (50) / 22 55 / 110 66 (58) / 11 
Hereditary Breast and Ovarian Cancer HEBON Netherlands 687 / 1,113 564 (153) / 138 491 / 700 260 (45) / 51 
Page 6 of 8 
 
CIMBA Study Name Abbreviation Study Location N Unaffected 
BRCA1 carriers:  
BC / OC 
N Affected BRCA1 
carriers: BC (with 
survival) / OC 
N Unaffected 
BRCA2 carriers: 
BC / OC 
N Affected BRCA2 
carriers: BC (with 
survival) / OC 
Research Group Netherlands  
Molecular Genetic Studies of Breast 
and Ovarian Cancer in Hungary 
HUNBOCS Hungary 60 / 120 83 (0) / 23 0 / 0 0 (0) / 0 
University Hospital Vall d’Hebron HVH Spain 25 / 48 33 (0) / 10 25 / 55 34 (0) / 4 
Institut Català d’Oncologica ICO Spain 113 / 170 99 (0) / 42 102 / 199 121 (0) / 24 
International Hereditary Cancer Centre IHCC Poland 392 / 652 311 (0) / 51 0 / 0 0 (0) / 0 
Iceland Landspitali-University Hospital ILUH Iceland 0 / 0 0 (0) / 0 25 / 122 101 (52) / 4 
Interdisciplinary Health Research 
International Team Breast Cancer 
susceptibility 
INHERIT Canada 54 / 83 42 (0) / 13 23 / 47 26 (0) / 2 
Istituto Oncologico Veneto IOVHBOCS Italy 59 / 75 72 (0) / 56 36 / 107 90 (0) / 19 
Portuguese Oncology Institute-Porto 
Breast Cancer Study 
IPOBCS Portugal 60 / 77 35 (0) / 18 0 / 0 0 (0) / 0 
Kathleen Cuningham Consortium for 
Research into Familial Breast Cancer 
KCONFAB Australia 312 / 654 418 (336) / 76 175 / 402 250 (192) / 23 
Modifiers and Genetics in Cancer MAGIC USA 16 / 18 8 (0) / 6 21 / 26 8 (0) / 3 
Mayo Clinic MAYO USA 138 / 243 138 (63) / 33 61 / 130 80 (0) / 11 
McGill University MCGILL Canada 30 / 50 24 (0) / 4 15 / 26 12 (0) / 1 
Modifier Study of Quantitative Effects on 
Disease 
MODSQUAD Czech Republic 67 / 132 107 (0) / 42 0 / 0 0 (0) / 0 
Memorial Sloan-Kettering Cancer 
Center 
MSKCC USA 137 / 311 201 (0) / 27 97 / 195 121 (0) / 23 
General Hospital Vienna MUV Austria 222 / 380 224 (184) / 66 77 / 187 123 (88) / 13 
Women’s College Research Institute NAROD Canada 100 / 125 46 (0) / 21 0 / 0 0 (0) / 0 
National Cancer Institute NCI USA 113 / 145 44 (0) / 12 59 / 74 21 (0) / 6 
National Israeli Cancer Control Center NICCC Israel 0 / 0 0 (0) / 0 108 / 162 61 (0) / 7 
N.N. Petrov Institute of Oncology NNPIO Russia 17 / 36 34 (0) / 15 0 / 0 0 (0) / 0 
Ontario Cancer Genetics Network OCGN Canada 139 / 170 74 (0) / 43 112 / 156 65 (0) / 21 
The Ohio State University 
Comprehensive Cancer Center 
OSUCCG USA 33 / 77 53 (0) / 9 28 / 52 33 (0) / 9 
Odense University Hospital OUH Denmark 225 / 304 141 (121) / 62 116 / 189 88 (53) / 15 
Università di Pisa PBCS Italy 35 / 57 45 (0) / 23 0 / 0 0 (0) / 0 
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CIMBA Study Name Abbreviation Study Location N Unaffected 
BRCA1 carriers:  
BC / OC 
N Affected BRCA1 
carriers: BC (with 
survival) / OC 
N Unaffected 
BRCA2 carriers: 
BC / OC 
N Affected BRCA2 
carriers: BC (with 
survival) / OC 
Sheba Medical Centre SMC Israel 156 / 222 107 (0) / 41 57 / 94 47 (0) / 10 
Swedish Breast Cancer Study SWE-BRCA Sweden 266 / 372 220 (37) / 114 31 / 46 23 (0) / 8 
The University of Chicago Center for 
Clinical Cancer Genetics and Global 
Health 
UCHICAGO USA 35 / 56 25 (0) / 4 12 / 33 25 (0) / 4 
University of California Los Angeles UCLA USA 0 / 0 0 (0) / 0 25 / 38 15 (0) / 2 
University of California San Francisco UCSF USA 59 / 75 44 (0) / 28 11 / 23 16 (0) / 4 
United Kingdom Familial Ovarian 
Cancer Registries 
UKGRFOCR UK 42 / 25 18 (0) / 35 13 / 6 4 (0) / 11 
University of Pennsylvania UPENN USA 172 / 344 242 (138) / 70 104 / 215 131 (62) / 20 
University of Texas M.D. Anderson 
Cancer Center 
UTMDACC USA 44 / 97 71 (0) / 18 0 / 0 0 (0) / 0 
Victorian Familial Cancer Trials Group VFCTG Australia 14 / 37 40 (0) / 17 0 / 0 0 (0) / 0 
Women’s Cancer Program WCP USA 158 / 154 55 (0) / 59 56 / 55 17 (0) / 18 
TOTAL   7,222 / 12,433 7,543 (1,706) / 2,332 3,766 / 7,305 4,138 (917) / 599 
 
Totals represent the number of subjects passing quality control criteria included in these analyses. BC = breast cancer, OC = ovarian cancer; number in parentheses is number with 
survival time data 
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Supplementary Table S4.  Association between KRAS rs61764370 and Risk of 
ERBB2-positive and High Grade Breast Cancer in Hormone Replacement Therapy 
Users 
 
 TT TG GG N Cases MAF OR (95% CI) P-value 
HRT users              
ERBB2 status        
    Negative 1,213 240 13 1,466 0.0907   
    Positive 224 55 2 281 0.1050 1.13 (0.84-1.54) 0.42 
Grade        
    1 or 2 1,638 331 14 1,983 0.9052   
    3 461 107 9 577 0.1083 1.12 (0.96-1.49) 0.11 
Postmenopausal HRT users 
   
 
   
ERBB2 status        
    Negative 1,084 221 12 1,317 0.0930   
    Positive 190 50 2 242 0.1116 1.20 (0.87-1.65) 0.27 
Grade        
1 or 2 1,477 307 14 1,798 0.0932   
    3 414 100 8 522 0.1111 1.20 (0.95-1.51) 0.12 
 
Breast cancer analyses used BCAC data adjusted for study, age, and the first seven principal components.  
HRT, hormone replacement therapy; N, number; MAF, minor allele frequency; OR, odds ratio; CI, confidence interval 
 
 
Supplementary Table S5.  Results of OCAC Analyses of Genotyped and Imputed Variants in a 100 kb Region on Either Side of KRAS












































 A clinical genetic test for KRAS rs61764370 is marketed to US women at increased ovarian 
or breast cancer risk. 
 The genotype of KRAS rs61764370 has no clinical utility related to the prediction or 
management of ovarian or breast cancers. 
 The results of this study demonstrate the necessity of carefully conducted, large-scale 
studies to establish clinical validity for genetic tests. 
 
*7. Highlights (for review)
